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Preface 


Irofessor Nonidez had been working for some time 
and manuscript of a textbook of histology when lie died in the fall of 
1947, only a few weeks after his arrival at the University of Georgia. His 
original intention was to deal only with the fundamental tissues and to 
this end he prepared original drawings with his own hand. A short time 
before his death, he decided to expand the work to include microscopic 
anatomy of the various organs, and he began to make drawings for the 
new cliapters. The following statements from his preliminary preface in- 
dicate his objectives. 

*Thc purpose of the proposed book is to present in concise form the 
fundamental facts on the finer structure of the mammalian body, includ- 
ing man, and to emphasize as far as possible the functional aspects. . . . 
It was soon realized that a book with a concise text would have to be 
adequately illustrated and that figures would fit the text better if they 
were drawn for the purpose instead of being borrowed from other text- 
books and scientific journals. ... In preparing the text, it has been 
borne in mind that the inclusion of controversial subjects, names of au- 
thors, and references make reading difiicuU. , . . Many students lack 
proper preparation for the study of liistolog)'. This situation has been 
taken into account, and little knowledge of anatomy and physiology is 
taken for granted.” * 

When, at Christmas time, 1947, I assumed the task of completing the 
work so admirably begun by Professor Nonidez, the fundamental plan 
appealed to me and I decided to follow it as closely as possible. In the 
main, tins has been done, allliough the final result is quite different from 
that which would hax’c come from Professor Nonidez's pen. 

^^'ork on the project svas undertaken with the thought that a textbook 
should contain selections and illustrations from its subject, should sum- 
marize where summanzalion is possible wthout jeopardizing significant 
meaning, should emphasize items of especial importance according to 
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PREFACE - Vii 

those of the last four chapters, were made by Mr. Adolph Marfang, to 
whom I am greatly indebted for skillful completion of a task under diffi* 
cult conditions. 

Nearly all photomicrographs were made with Leitz and Zeiss lenses 
and with the Fish-Schurman Zirconarc illuminator. A special effort has 
been made to use as few magniBcations as possible for the illustrations 
and to keep them consistent throughout (except in the case of very low 
powers). I have estimated the magniBcations of most drawings by com- 
paring them with the few of known magnification. The majority of the 
photomicrographs are reproduced at 1200 x« 600 Xr 300 X> and 150 X» 
although it proved expedient to use other magnifications in a few in- 
stances. 

The microscopic specimens came from many sources, mainly from the 
collections of the University of Penn^lvania, but a few from the Univer- 
sity of Washington, Northwestern University, University of Louisville, 
and Denison University. Unless indicated otherwise, they are stained 
with hematoxylin and cosin. Some remarkable slides were prepared more 
than fifty years ago by or for the late Professor George A. Piersok A fe>v 
of the latter were formerly used for drawings in his textbook. To my 
friends and colleagues, Professors L. B. Arey, S. I. Komhauser, W. H. F. 
Addison, Balduin Luck^, A. J. Ramsay, S. C. Williams, Mary J. Hogue, 
R F. Becker, Dr. L. L. Cnulkins, Dr. Q. B. DeMarsh, Mr. James Rankin, 
and Miss Ann Tatum, I am indebted for a number of fine preparations. 

I am appTiPcisth'e of iite assestatioe of a mimber of peopfe \vha paf 
aside other tasks to help speed this one to completion, TRe departmental 
secretaries, Thalia Gilliam and Alice Rusbar, deserve praise for skillful 
preparation of the manuscript and editorial assistance with it. The care- 
ful editing by my wife has removed many of my own hurried errors. My 
colleagues in the Department of Anatomy at the University of Pennsyl- 
vania contributed many valuable suggestions. Three who read the manu- 
script critically are Dr. WiUiam Chambers, Dr. Ruth Koenig, and Dr. 
Harold Koenig. 

WlLUAM F. WlNDLE 

I'liil.uU'JplHa, Penns>lv3nia 
Febtuanj, 1949 



vi 


PREFACE 


the opinions of the authors, and should elicit abiding interest of the 
reader— at least, the more serious student reader. Many of the available 
histology books have grown with the years, as, indeed, has knowledge 
of the subject, and now present the beginner \vith more details than he 
can master without encroachment on time needed for other subjects, or 
needed for consultation of other sources of information in this subject. 
Some other histology books are too attenuated or are inadequately illus- 
trated for all classes. 

The present textbook is for the beginner. As it is not intended for a 
reference book, many details are lacking. In the more complete treatises 
listed in a brief bibliography at the end will be found a great mass of 
supplementary information. Furthermore, those books contain extensive 
bibliographic references to original articles and monographs on many 
subjects. A comparable bibliography will not be found in the present 
textbook. It is only the exceptional student who makes any use of long 
lists of references cited in the principal textbooks of histology. In the 
present textbook, I have e.xperimented with the use of selected annotated 
references for collateral reading in the generally available textbooks, 
monographs, and scientific journals. 1 hope that these will guide many 
students to more advanced treatises on histology. 

Another new feature of the book is a reference list of motion-picture 
films. These are visual aids found useful in the course which I teach, 
as supplements to lectures and informal microprojection conferences. 

Professor Nonidez left rough copy for most of tl)e chapters on the fun- 
damental tissues, die blood vessels, and the tubular digestive organs. At 
first, an effort was made to incorporate as much of his writing as possi- 
ble, while constructing a coherent descriptive account of histolog)\ This 
proved difficult and was dropped to save time and promote coherence. 
The final copy has been so altered that all responsibility for mistakes 
and inadequacies must be charged directly to me. Furthermore, I have 
changed the organizational plan and have not divided the subject into 
histology proper and microscopic anatomy because it seems that such a 
division is, at best, quite arbitrary and artificial. 

A great majority of Professor Nonidez’s drawings have been used, and 
several new copies of diagrams from other sources, prepared by my 
daughter, have been added. Only rivo of the photomicrographs included 
are by Professor Nonidez. Most of the photomicrographs were taken by 
Mr. Basil B. Varian, whose sudden death during this task was a grievous 
loss to all his friends and colleagues. Other photomicrographs, mainly 
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those of the last four chapters, were made by Mr. Adolph Marfang, to 
whom I am greatly indebted for skillful completion of a task under diffi- 
cult conditions. 

Nearly all photomicrographs were made with Leitz and Zeiss lenses 
and with the Fish-Schurman Zirconarc illuminator. A special effort has 
been made to use as feAv ma^ifications as possible for the illustrations 
nnd to keep them consistent throughout (except in the case of very low 
powers). I have estimated the magnifications of most drawings by com- 
paring them with the few of known magnification. The majority of the 
photomicrographs are reproduced at 1200 X, 600 X. 300 X. and 150 X. 
although it proved expedient to use other magnifications in a few in- 
stances. 

Tlie microscopic specimens came from many sources, mainly from the 
collections of the University of Pennsylvania, but a few from the Univer- 
sit)’ of Washington, Northwestern University, University of Louisville, 
and Denison University. Unless indicated otherwise, they are stained 
w'ith hematoxylin and eosin. Some remarkable slides were prepared more 
than fifty years ago by or for the late Professor George A. Piersol. A few 
of the latter were formerly used for drawings in his textbook. To my 
friends and colleagues, Professors L. B. Arey, S. I. Kornhauser, W. H. F. 
Addison, Balduin Lucke, A. J. Ramsay, S. C. Williams, Mary J. Hogue, 
R. F. Becker, Dr. L. L. Caulkins, Dr. Q. B. DeMarsh, Mr. James Rankin, 
and Miss Ann Tatum, I am indebted for a number of fine preparations. 

I am appreciative of the assistance of a number of people wJio put 
aside other tasks to help speed this one to completion. The departmental 
secretaries, Thalia Gilliam and Alice Rusbar, deserve praise for skillful 
preparation of the manuscript and editorial assistance with it. The care- 
ful editing bv my wife has removed many of my own hurried errors. My 
colleagues in the Department of Anatomy at the University of Penns)’l- 
vania contributed many valuable suggestions. Three who read the manu- 
script critically are Dr. William Chambers, Dr. Ruth Koenig, and Dr. 
Harold Koenig. 

W^lLLIAM F, M^indle 

I’lnl.nlclphia, Pcnmxlvania 
Vcbniary, 1919 
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Tissues and Methods for Their Study 


H i^tology is the study of the minute structure of the body. With the aid 
of the microscope, it extends the horizon of anatomy. Histology gives in- 
sight into the functioning of tissues and organs and provides a basis for 
general and cellular physiolo^. Histology is a fascinating study of the 
fabric of which your body is constructed. 

T/SSL/ES 

Five main kinds of tissue make up the body. The protective sheets of 
cells covering surfaces or ’lining cavities constitute epithelial tissue. The 
circulating cell-containing fluid within x’ascular channels may be con- 
sidered a tissue, the blood. The higlily •fibrous and only slightly cellular 
supporting, connecting, and padding materials including bones, cartilages, 
tendons, and fat are collectively designated connective tissue. The elon- 
gated elements that are concerned with contraction form muscular tissue. 
Collections of cells with long processes specialized for reception of stimuli 
and conduction of impulses, together with other developmentally related 
elements, build nervous tissue. 

These are rather arbitrary divisions, for no tissue exists in pure form. 
Epithelium contains nerves. Connective tissue has nerves and blood in 
vessels. Muscular tissue could not function without both of these, plus 
connective-tissue sheaths. Even blood has in it cells that properly belong 
to another tissue. We can discuss each separately but must bear in mind 
that all are interdependent. Thus, consideration of such a component of 
the body as a muscle can be divided into the histology of its principal 
component (muscular tissue in this instance) and the microscopic anat- 
omy of it as an organ performing a certain function by the interaction of 
all its tissues. 

1 




FLUIDS 


3 


The interstitial fluid is not present in like amounts in all tissues. An im- 
perceptible quantity occuis in sucli highly cellular tissue as epithelium. 
Although considerable tissue fluid resides in connective tissues, it is 
crowded by fibers and solid matrix substances in tendons, cartilages, and 
bones. In a few locations, it is free and lias been given specific names. In 
this category are cerebrospinal fluid, aqueous humor of the eye, pleural 



FIGURE 1. Schem.itic diagram of the divisions of tlie body fluids 
and tbeir proportion of the total body weight Redrawn from J. R. 

Elkinton, in IIou.ell‘s Tertbook of Physiology, J. F. Fulton, editor, 

Saunders, 1947. 

and peritoneal fluids, and the synovial fluid of joints. Some of the inter- 
stitial fluid is contained within a closed system, the thin-walled lymphatic 
vessels that are found in most tissues of the body. 

Two membranes are interposed in the passage of fluid from blood into 
the tissues and back to blood. These are the linings -of blood capillaries 
and lymphatic capillaries. Only the vascular lining cells and the blood cells 
themselves can be nourished and supplied with oxygen directly from 
plasma. Other cells are reached by transport of these substances llirough 
tissue fluid. 
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TISSUES AND METHODS FOR TTIEIR STUDY 


Two useful terms to add to your vocabulaiy’ now are parenchyma and 
stroma. In our example, the parenchyma is muscular tissue and the 
stroma is the connective tissue liolding functional elements apart and 
forming a framework over which nerv'cs and vessels can reach them. 

At the beginning of a study of hislolog)', it is proper to inquire about 
tlie components of tissues. Naturally, your attention will at first focus 
upon the cell, especially the cell that has been killed, dehydrated, and 
beautifully although artificially colored. Do not let the artistic qualities 
of your histological preparations divert your thoughts from the other 
components, which arc the noncellulnr interstitial matrix substances, in* 
eluding such formed elements as fibers, and the interstitial fluid. Tills 
fluid, especially, is apt to be neglcclccL It is water, with many organic and 
inorganic salts dissolved in it; and water)' solutions cannot be seen 
through a microscope. However, the role of water in the structure of the 
body is fundamental, and no tnie appreciation of functional histology 
is possible without some consideration of the body fluids. 

FLUIDS 

Altliough water makes up approximately 70 per cent of the body, the 
amount varies in different tissues and organs. Tlie fluid of the body may 
be thought of as occupying two compartments: the cell and the inter- 
cellular spaces. Fluid in the cell, die intracellular fluid, is quite different 
chemically from the fluids of the spaces outside the cell, the interstitial 
fluid or tissue fluid and the plasma of the blood. Potassium, phosphate, 
and protein ions in the intracellular fluid take the place of sodium and 
chlorine ions of tlie extracellular fluids. The two major fluid compart- 
ments are separated from each other by the cell membrane through 
which water and certain substances in solution can pass. 

The source of all body fluids is food and water entering the digestive 
tract. Water and other components of the body fluids can leave again 
through the epithelium lining the stomadi and intestines, lungs, kidneys 
(some reabsorption here), and skin. The quantities that enter and leave 
the body vary wdely with changing conditions of the external environ- 
ment and with metabolism. The quantities of the fluids within the healthy 
body remain remarkably constant at all times. Plasma forms about 5 per 
cent, tissue fluid 15 per cent, and intracellular fluid 50 per cent of the 
weight of the body of an adult man. These relationships are diagrammati- 
cally illustrated in Fig. 1. 
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Tlie interstitial fluid is not present in like amounts in all tissues. An im- 
perceptible quantity occurs in such highly cellular tissue as epithelium. 
Although considerable tissue fluid resides in connective tissues, it is 
crowded by fibers and solid matrix substances in tendons, cartilages, and 
bones. In a few locations, it is free and has been given specific names. In 
this category are cerebrospinal fluid, aqueous humor of the eye, pleural 



FIGURE 1. Schematic diagram of the divisions of the body fluids 
and tlieir proportion of the total body weight. Redrawn from J. R. 

Elkinton, in IloiceU’s Textbook of PhysioloQtj, J. F. Fulton, editor, 

Saunders, 1947. 

and peritoneal fluids, and the synovial fluid of joints. Some of the inter- 
stitial fluid is contained within a closed system, the thin-walled lymphatic 
vessels that are found in most tissues of the body. 

Two membranes are interposed in the passage of fluid from blood into 
the tissues and back to blood. These are the linings -of blood capillaries 
Jtnd lymphatic capillaries. Only the vascular lining cells and the blood cells 
themselves can be nourished and supplied with oxygen directly from 
plasma. Other cells are reached by transport of these substances through 
tissue fluid. 



4 TISSUES AND METHODS FOU TIIEIII STUDY 

From what has been said, we hope it is clear that the body is formed 
very largely of water, which serves as the medium for all its pliysiological 
processes. Within the intracellular fluid take place the vital reactions that 
constitute life. The extracellular fluids provide an environment for the 
cells and a liaison with the outer world. Terrestrial life became possible 
because the organism was able to find a means of maintaining a constant 
environment for life processes of its cells irrespective of most external 
changes. The secret of man’s adaptability to adverse surroundings is to be 
found very largely in the constancy of the internal environment of his 
protoplasm. Let us leave consideration of the body fluids for the time 
being with the often quoted declaration of the great physiologist, Claude 
Bernard, that "all vital mechanisms, however varied they may be, have 
but one object, that of preserving constant tlic conditions of life in the 
internal environment.” 


METHODS 

Chemical methods for determining the composition of tissues and the 
physiological methods of investigating their function can be left for fu- 
ture courses. Your present concern is with visualization of the structural 
organization of tissues, not so much as a means of their identification 
when you encounter them again in pathology, as to help you build a con- 
cept of the living organism that is prerequisite for any rational under- 
standing of yourself. The question is how to proceed so that you may 
come away with the truest picture. 

To know the living organism, you must study it alive. However, there 
are limitations to any such proposal, especially so for the beginning stu- 
dent of histology, lacking the facilities of research institutes. If only you 
could put transparent windows in the living animal and bring your micro- 
scope to focus upon his tissues! You probably cannot do such an experi- 
ment, but there is no reason why you cannot have the benefit of others’ ob- 
servations by this technique, for motion pictures of living intact tissues 
taken through the microscope are available.' 

The next best procedure would be to remove tiny pieces of living tissue 
from animals or man and culture them, as the bacteriologist grows micro- 
organisms, in an appropriate medium or in the anterior chamber of an 
animal’s eye behind the transparent cornea. These techniques require 
special training and equipment, too. But, again, you can observe cine- 
photomicrographs of results obtained by tissue-culture techniques. In 
1 See Visual Aids, p. 435. 
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taking the sort of pictures in question, time was allowed to elapse be- 
tween each frame’s exposure. Consequently the activities of cells in tissue 
cultures will be speeded up in the projection. Time-lapse motion pictures 
of living cells are invaluable aids to understanding functional histology. 

Anyone can remove bits of tissue from freshly killed animals, tease 
them with needles in a drop of physiological saline solution on a slide, 
and study them with the aid of the compound microscope. For that mat- 
ter, you can obtain tissues from your oNvn body, such as scrapings of 
epithelium from the mouth or drops of fresh blood from the finger. This 
is a very good way to begin a study of fresh and living cells. You will 
note that cells do not die at once upon removal from their normal habitat, 
nor do they all die at the time of death of the organism of which they are 
components. Some cells, when removed as long as forty-eight hours after 
death of human fetuses, have been grown in culture tubes. 

The darkfield microscope and the phase-difference microscope are im- 
portant adjuncts to a study of living tissues. Certain dyes can be added 
without harm to tissues removed from the body for microscopical study. 
This IS spoken of as supravital staining. Tissues can also be stained by 
introducing dye solutions into the living organism. This constitutes vltol 
staining. Such procedures bring out structural details not readily seen in 
unstained living cells with ordinary brightfield microscopes. The study of 
living and fresh surviving tissues should be a part of every course in his- 
tology, but it will not supplant the use of prepared slides of stained dead 
and dehydrated tissues. Even though it occupies only a small fraction of 
your time, observation of fresh tissue should lead to a truer interpretation 
of the visual impressions to be gained from prepared specimens, study of 
which will take most of your time. 

The preparation of sections of tissues and organs for study under the 
compound microscope, known as histological technique, requires some 
skill and much time. Methods are varied and complex. They are fully 
described in treatises devoted to that subject. It is doubtful if any word 
picture, even of the more common procedures employed to make stained 
microscope slides out of pieces of fresh organs, can substitute for first- 
hand observation of the process. It is hoped that demonstrations will be 
available for any student lacking such knowledge. The instructor usually 
assumes that you know something about the processes. If you do not un- 
derstand, ask him. 

Reduced to barest essentials, the technique is as follows: (1) Tissues 
are killed or “fixed” by subjecting them to the action of protoplasm- 
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From wliat lias been said, we hope it is clear that the body is formed 
very largely of water, which serves as the medium for all its physiological 
processes. AVithin the intracellular fluid take place the vital reactions that 
constitute life. TJie extracellular fluids provide an environment for the 
cells and a liaison willi the outer world. Terrestrial life became possible 
because the organism was able to find a means of maintaining a constant 
environment for life processes of its cells irrespective of most external 
changes. The secret of mans adaptahililj' to adverse surroundings is to be 
found very largely in the constancy of the internal environment of his 
protoplasm. Let us leave consideration of the body fluids for tlie time 
being with the often quoted declaration of the great pliysiologist, Claude 
Bernard, that “all vital mechanisms, liowcvcr varied lliey may be, have 
but one object, that of preserv’ing constant tlie conditions of life in the 
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METHODS 

Chemical methods for determining the composition of tissues and the 
physiological methods of investigating their function can be left for fu- 
ture courses. Your present concern is with visualization of the structural 
organization of tissues, not so much as a means of their identification 
when you encounter them again in pathology, ns to help you build a con- 
cept of the living organism that Is prerequisite for any rational under- 
standing of yourself. Tlie question is bow to proceed so that you may 
come away with the truest pichirc. 

To know the living organism, you must study it alive. However, there 
are limitations to any such proposal, especially so for the beginning stu- 
dent of histology, lacking the facilities of research institutes. If only you 
could put transparent windows in the living animal and bring your micro- 
scope to focus upon his tissues! You probably cannot do such an experi- 
ment, but there is no reason why you cannot have the benefit of others’ ob- 
servations by this technique, for motion pictiLres of living intact tissues 
taken through the microscope are available,' 

The next best procedure would be to remove tiny pieces of living tissue 
from animals or man and culture them, as the bacteriologist grows micro- 
organisms, in an appropriate medium or in the anterior chamber of an 
animal’s eye behind the transparent cornea. These techniques require 
special training and equipment, too. But, again, you can obser\’e cine- 
photomicrographs of results obtained by tissue-culture techniques. In 
1 See Visual Aids. p. *135. 



CHAPTER 2 


Cells, Living Components of Tissues 


To know the whole, one must understand the parts of which it is made. 
Cells are the structural and functional units of the body. In simplest form, 
the animal cell is a spherical body of living material called protoplasm. 
It is not a formless mass like a globule of wet gelatin, for it has certain 
well-defined structures within it. The most conspicuous of these is the 
nucleus. The protoplasm around the nucleus is the cytoplasm. 

Witliin the cytoplasm are many things, none very easy to see. A minute 
body, known as a centrosome, is visible at the time of cell division. It and 
other little structures, believed to be concerned with more or less specific 
functional activities, have been designated organoids. Special techniques 
are usually required to demonstrate them. Routine preparations of tissues 
almost never reveal them. OOier minute objects, more readily observed, 
are cytoplasmic inclusions, such as granules or droplets of one kind or 
another. 

Many of the organoids and inclusions are indicated very diagrammati' 
cally in Fig. 2, a fantastic picture of a cell, such as never actually exists 
in any mammalian tissue, although some unicellular animalcules present 
even more surprising appearances. Tlie picture is a map, not a portrait. 
Contrast it with photographs of living cells in Figs. 3 and 9C. 


FROTOPLASU 

Protoplasm is a chemical organization of organic and inorganic com- 
pounds in a fluid medium forming a vital system. Its high water content 
accounts for the great total quantity of intracellular fluid. Protoplasm is 
a substance of complex and, indeed, perplexing organization. The histol- 
ogist has not been able to understand it; neither has the biochemist. 
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TISSUES AND METHODS FOR THEIR STUDY 


coagulating chemical solutions. Rapidity of action is essential; perfusion 
through vascular channels is preferable to immersion of pieces. (2) Water 
is removed from them with alcohol and, through an intermediate solvent, 
they are infiltrated with some material, like paraffin or collodion, that will 
solidify to form blocks containing the tissues. {3) Slices as thin as 2 to 5 /i, 
but usually 10 or more, arc shaved from these blocks with a precision 
cutting machine, called a microtome. (4) These slices or sections of tis* 
sues are stained citlier before or after being afilved to glass slides. Staining 
is done with a great variety of dyes or with certain metallic salts, chiefly 
silver. Some components of cells, notably nuclear chromatin, are said to 
be basophilic because they have affinity for basic dyes, such as hema- 
to.xylin. Other components of cells and intercellular substances arc acido- 
philic and stain with the acid dyes, like cosin. (5) The stained slices 
are rendered transparent with oils or solvents, such as x)0ol. Tliey are 
finally covered with a drop of transparent motinting medium having nearly 
.the same refractive inde.x as the glass slide and cover slip between which 
they are presers'ed. 

After all of this, it is surprising that the final preparation bears ns close 
a resemblance to living tissue as it does. We can be sure that standard- 
ized procedures, properly controlled, will constantly give uniform results 
which we can interpret in terms of living tissues. 


REFERENCES 

1. Elkinton, J. R.: Physiology of Body Fluids, being CIi.ip. 43, pp. 935-963, 
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liams & Wilkins Company, 1942. 

This is a rather long article, but eminently worth while. Come back and read 
it when you have studied all the fundamental tissues. Do not fail to do this. 

3. Guyer, M. F.: Animal Microscopy, 4th ed.; Chicago, University of Chicago 

Press, 1936. 

For those who want to learn the methods of histological technique, this is a 
general elementary book. There is no need to read all of it, but a little time 
spent in glancing through it wtll help you. 



FIGURE 3 Living cells in tissue cultures as seen with Spencer phase microscope; A 
and B, fibroblasts of cluck embryo heart containing brilliant fat droplets and less bril- 
liant granules of oilier substances; C, large cell from human fetal cerebellum. Speci- 
mens from Drs. Mary Jane Hogue and S. C Williams. Photomicrograph, 600 X. 
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CEtXS, LIVING COMPONENTS OF TISSUES 
However, the two working together are beginning to break down its mys- 
teries. Cytocliemistry is a promising new science but beyond the scope 
of the present book. 

It is, perhaps, suificient to say that the components of protoplasm are 
associated and combined in sueh a manner that the resulting compie.r is 



FIGURE 2< Diagram of an anima) cell in wliich many inclusions and or* 
ganoids are simultaneously presented: c, centrosome, cm, cel! membrane; 

/> fat droplet; g, glycogen, m, mitochondna; n, nucleolus; n\ kary’osome; 
nm, nuclear membrane; f, internal reticular apparatus (Golgi); o, vacuoles. 

endowed with characteristics that constitute life. Among tliese are irrita* 
bility, conductivity, contractility, and metabolism resulting in gro\vth. 
These properties of protoplasm have been preserved tlirough the ages 
because it has the capacity to reproduce and give rise to protoplasmic 
units like itself. The fundamental properties are common to almost ail 
cells, but in the course of evolution, protoplasmic changes have occurred. 
These changes have led to the great variety of plants and animals tliat 
inhabit the earth today. 

If you wish to study protoplasm, you will have to study it in the cell, 
for it is not a substance that can be collected in beakers and examined 
in large quantities. It functions only when compartmentalized. Further* 
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fluid droplets or particulate matter, phenomena kno\vn as pinocytosis and 
phagocytosis, are beautifully portrayed in motion pictures. However, the 
greatest show is cell division and especially early cleavage of mammalian 
egg cells. No series of drawings or even photographs can substitute for 
these. 

FIXED AND STAINED CELLS 

Only a limited amount of class time can be spent with living cells. It is 
essential and desirable to study preparations of fixed and stained tissues. 



FIGURE 4 Structure of the nucleus: A, spinal ganglion cell (pig) 
and, B, oocyte (eat), showing large homogeneous nucleoli and chroma* 
tin on 1mm networks. A karyosome is seen in A 1800 X . 


Therefore, let us look at some of the component cells of prepared tissues 
and try to learn as much as possible. 

What do stained histological sections reveal? The usual procedure, 
using hematoxylin and eosin to slain the tissues, colors the cell cytoplasm 
pink (eosin) and nucleus blue (hematoxylin). Most extracellular struc- 
tures, e.g., connective-tissue fibers, are pink, too There are e.xceptions to 
these generalizations. Sometimes the cytoplasm contains blue-staming 
material. But, by and large, your preparations will show pink cells with 
blue nuclei; and you will not see all the organoids and inclusions in the 
cytoplasm. It is necessary to use a number of special staining methods to 
reveal mitochondria, internal reticular apparatus, neuiofibrils, etc. Favor- 
ably selected material, expertly stained, does reveal many details of cy- 
tology that deserve more than passing mention, but first you should attend 
to the major structures 

Nucleus- Tlie nucleus of fixed and stained cells appears typically as a 
spheroid, or it may be elongated, as in tall cells, or misshapen by com- 
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more, it is a substance that is inadequately understood when studied only 
in fixed and stained cells in which chemical coagulation has produced 
artifacts. Comparison of fixed and stained protoplasm with that of sur- 
viving or truly living and functioning cells will provide an opportunity to 
understand life processes. 


LIVING CELLS 

Tliere are limitations to the study of living cells, and you will not be 
able to see all details of structure described by investigators who have 
unlimited time, patience, and facilities at their disposal. Nevertheless, if 
you progress no further than examination of fresh blood, you will be able 
to watch living and moving wJule blood cells and see in them some of 
the structures to be mentioned here. Motion-picture demonstrations of 
living cells reveal other interesting details, not so much those of structure 
as tliose of function. 

With your o\vn microscope, you may see the nucleus of the living cell, 
because its light-refracting power Is different from that of the cytoplasm. 
You may be able to distinguish cytoplasmic particles that represent in- 
clusions. Tlie specific granules of leucocytes are possible to see. You will 
appreciate the existence of a nuclear membrane and of a cell boundary. 
Aside from these things, do not e.\pect to observe much structural detail 
in living cells with the ordinary compound microscope. Time-lapse mo- 
tion-picture photographs of cells reveal a few other details. Darhfield and 
phase microscopy add greatly to observation of the components of living 
cells. 

During cell division you ^vi^ see chromosomes as well as parts of the 
astral body (Fig. 9C). You can easily observe mitochondria, far better 
in fact \vith the phase microscope than you will ever be able to see them 
in stained sections. Look for fibrils in nerve cells, specific granules in 
leucocytes, and secretion droplets in gland cells. Supravital and vital 
staining are procedures that aid considerably in visualizing intracellular 
structures with the ordinary brightfield microscope. 

The principal value of studying living cells is to demonstrate functional 
rather than structural details. Motility of living cells can be seen in your 
own white blood corpuscles, even better in motion pictures. The sev'eral 
varieties of corpuscles exhibit different kinds of movement, but it is al- 
ways slow movement. Remember that it is speeded greatly in the time- 
lapse motion pictures. Other cell activities, including the engulfing of 
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to identify cell types and distinguish one type from another. Some varia- 
tions are ilhistrated in Fig. 5. A wide range in size of nuclei is also en- 
countered in the body, as may be seen in this same figure. Tlie largest 



FIGURE 6 Examples of mullinucletited cells: A. hu- 
man liver; B, autonomic ganglion of rabbit, C, myoblast 
of cat fetus, D, osteoclast of cat fetus 1200 X 


nuclei are found in certain giant cells, in sex cells, and in large nerve 
cells; the smallest, in lymphocytes and in small nerve cells Some big 
nuclei occupy relatively less space in their cells tlian do many very small 
nuclei. 

There is typically but one nucleus, although biimcleated cells are often 
encountered in liver, bladder, and sympathetic ganglia, and multinucle- 
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pressjon. In its clear baclcground is a delicate meshwork of linln threads 
on which are arranged smaller and larger masses of chromatin, so called 
because it stains deeply with basic dyes. The largest clumps of chromatin 



FIGURE S. Vaualion in sire, shape, and structure of nuclei; A, 
oocyte, B, l>iup}jocyte, C, ctythrobUst from bone marrosv; D, 
hemorytoblast from bone marrow; E. nerve cell of spinal cord, 

F, megalcaryocyte of bone marrow, G, cndotlielium, II, neutrophil 
of blood, I, smooth muscle. 1800 X . 

are called karyosomes. During the interval between cell divisions, the 
nuclear boundary is marked by a prominently stained nucleor membrane. 
The nucleus usually contains one nucleolus which appears as an intensely 
staining, homogeneous, smooth, spherical body. The stnicture of nuclei is 
best illustrated in Figs. 4 and 5. 

A relative amount of chromatin and its distribution pattern often serve 
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secretion or excretion take place. How these functions are carried out 
will be considered in biochemistry and general physiology. All cells pos- 
sess them to some degree, although certain cells of multicellular organisms 
have specialized more for one function and others more for another. The 
cytoplasm is likewise the part of the cell that responds to stimuli, con- 



FIGURE 8. Cytoplasmic pigment- A, epithelium of 
rabbit retina; B, ciliarv process of rabbit eye, C, au- 
\t>iiunnc nerve tVM xA vtxnhvf NsAe V/rciWTrfetA 
membranes m A and B 1200 X 

ducts impulses, and exhibits the phenomena of contraction and motility. 
The highest degree of specialization has been reached in respect to these 
functional activities of the cytoplasm. Just as there is a wider range of 
activity in the cell cytoplasm than in the nucleus, so there is a much 
greater variation of its structural pattern than that of the nucleus, where 
functions are more definitely limited. 

Cytoplasmic inclusions are of various kinds. The cytoplasm of fixed and 
stained cells is usually gianular, although it may present other appear- 
ances. One should first know whether the tissue was living or dead at 
the time of fixation and what and how fixing solutions were applied, in 
order to interpret cytoplasmic structure intelligently. The minute granules 
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atcd sympadielic nerve cells ate sometimes observed. FuTtbermoic, the 
number of nuclei in a single skeletal muscle fiber (cell) commonly ex- 
ceeds one hundred, MuUlnuclealed elements may arise by nuclear divi- 
sion without cytoplasmic splitting. In other instances, fusion of a number 
of cells results in large multimiclcatcd cells. Examples of multinucleated 
cells maybe seen in Fig. 6. Watch for others in your slides. 

Not only is the nucleus the 
most conspicuous component 
of the cell, but its fxmctions 
are better known than those 
of other structures. It is the 
bearer of the genes that de- 
tentvine inherited character- 
istics. Note the precise man- 
ner of distribution of chroma- 
tin to the daughter cells 
during mitotic division (page 
23). In the interval between 
divisions, the nucleus serves 
to preserve the chromosomes. 

Without a nucleus, the cell 
is not only incapable of di- 
viding, but its vitality is re- 
duced because it cannot 
build up its protoplasm 
through constructive metabo- 
lism. The nonnucleated red 
blood corpuscles exist for a 
time and are then replaced. 
When a cell is cut in two, as 
in section of a nerve, the nonnucleated fragments invariably disintegrate 
promptly, because energy from protoplasmic substance is soon used up 
and the capacity for recovery and regeneration is lost. The nucleus regu- 
lates the metabolic activity of the t^toplasm. Just how it does this is un- 
knoxvn, but probably through some exchange of substances across the nu- 
clear membrane. 

Cytoplasm and its inchtsions; The cytoplasm of the cell is the site of 
most cellular activities. Here cell respiration, assimilation of food mate- 
rial for energy metabolism, and syndiesis of many special substances for 



cells of c-it, showing spaces occupied In life by 
fat, and dark granules of inle pigment, B, liver 
cells of dog, filled with glycogen granules. 
1200 X. 
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FIGURE 9. Centrosomes. A, oocyte, B, thiee embryonic epiUielial 
cells (18-day chjck), 1800 X. C, liviBg tumor cell sbowing con- 
spicuous astral body (at arrcnv) and nucleus, both are encircled 
by fat droplets and granules, mitochondria are the filaments radiat- 
ing from the central region Photomicrograph, 1100 X, lent by 
Prof. Balduiti Luche. 

cytize worn-out corpuscles contain pigments resvilting from its decompo- 
sition. 

Foreign particles may occasionally be observed in the cytoplasm of 
phagocytes. Common ones are coal, sibcA and other mineral dust (Fig. 
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are mainly coagulation artifacts. Coarser granules or vacuoles may repre- 
sent metabolic substances that arc taken in by the cell or are in process 
of elimination. 

We can be quite certain about some of tlicse cytoplasmic inclusions. 
For example, glycogen is demonstrable xvith appropriate technique. It is 
illustrated in Fig. IB. Minute granules occur in practically all cells; larger 
amounts in liver, striated muscle, and certain specialized cells of heart 
muscle. Fat is commonly present in cells, but the usual technical pro- 
cedures dissolve it and leave only spaces in the cytoplasm, as seen in 
Fig. 7A. Some cells, like those of adipose tissue and sebaceous glands, 
contain relatively large amounts. Others may become infiltrated with it 
during certain physiological stales, notably the mammary gland cells dur^ 
ing lactation. Other kinds of lipoid droplets may be encountered else- 
where in the body, e.g., in cells of the suprarenal cortex. Protein gran- 
ules, too, are present in consequence of cell metabolism. 

How the various substances get into the cytoplasm of cells is not en- 
tirely knoNvn, Certain cells can cngtilf materials by processes of pinocy- 
tosis and piiagocytosis, as you may sec in motion pictures. However, it is 
probable that most food materials are brought in solution across the cell 
membrane from the interstitial fluid and that certain enzyme systems 
play important roles in this process. 

Materials for secretion and excretion are made in the cytoplasm of cells, 
and evidence of their presence there may be seen in fixed and stained 
preparations. The zymogen granules in Fig, 29B represent secretion 
antecedents. Reference will be made to them in chapters dealing with 
glands. 

Other specific granules of unknown function are prominent features of 
such cells as the granular leucocytes (Fig. 34). Nerve cells and some 
gland cells have flakes and particles of material that stain like nuclear 
chromatin with basic dyes. This has been called chromophil substonce 
(Fig. 120A), The chromophil substance of nerve cells is called NissI sub- 
stance, for its discoverer More will be said about it later. 

Pigment appears as dark-brown granules or rods of melanin requiring 
no staining to be seen. Melanin pigment occurs in the epidermis of dark- 
skinned races, in hair, and in coats of the eye. It is iHustrated in Fig. 8, 
which shows two kinds of cells. Its absence constitutes albinism. Other 
types of pigment may be found in the lutein cells of the ovary and in liver 
cells (Fig. 7A). Carotene colors epitlielium yellowish. Hemoglobin im- 
parts a greenish-yellow color to red blood corpuscles. Cells that phago- 
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astroc>tes, have simiiar glia fibrils. We can only guess about the function 
of fibrils. Those of nerve cells are illustrated in Figs. 119 and 120, 

As the electron microscope comes into greater use in cytology, it is to 
be e.vpected that our horizon will broaden. A notable recent observation 
is the presence of. extraordinarily minute neurotubuies in nerve fibers. 
Their function is unknown. 

Cell membrane: The boundary between 
cell cytoplasm and surrounding extracellu- 
lar fluid constitutes a semipermeable cell 
membrane permitting the interchange be- 
tween protoplasm and its environment, with- 
out which vital activities could not proceed. 

Do not overlook the importance of the cell 
membrane, even though you may have con- 
siderable difficulty in seeing it. It is usually 
not a real wall, and fortunately so, because 
walls would impede or limit the rapid trans- 
port from tissue fluid to intracellular fluid 
and vice versa. Many cells can increase and 
decrease the area of their surface mem- 
branes by extending or retracting protoplas- 
mic processes in ameboid fashion. Occasion- 
ally, and perhaps transiently, intracellular 
canals p^o^ide increased surfaces (Fig. 29). 

\Vhere directional control is necessary, as 
on free surfaces in the intestines, sturdier, 
thicker borders are developed. Striated bor- 
ders may be seen in Figs. 22 and 29A. They 
vary in thickness. Brush borders xvfll be encountered in the kidney tu- 
bules. Substances secreted by cells form thick coatings for their free sur- 
faces in a few places. The enamel of the developing tooth is such a cuti- 
cle, Tlie greatest specialization at the cell surface is the ciliated border 
(Fig. 24). It may be actively motile, as in the cells lining tespiratoiy 
passages. 

Shape of cells: It is principally variation in cytoplasmic organization 
tliat accounts for the wide variation in cell shape and size within the same 
individual. Tj-picaUy, spherical cells are in theminority. Functional adapta- 
tion is responsible for many structural changes. Cells occurring in layers 
or masses lend to become polyhedral owing to mutual pressure. \Vhen 



they appe.ir With special stain- 
ing in the intestinal cpitlielmm 
of a chick embryo. 
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47), bacteria, spores of fungi; in fact, almost anything may show up in 
the cytoplasm of phagocytic cells. 

Vacuoles of unknown significance appear in fixed and stained cells at 
times. One should always be skeptical of their interpretation and suspect 
faulty fixation, post-mortem artifacts, or early stages in cellular degenera- 
tion. 

Cytoplasmic organoids: In contrast with the cytoplasmic inclusions, 
which vary widely in nature, amount, and distribution, certain other mi- 
nute structures are found in almost all cells of the mammalian body. These 
are the organoids. Special teclun‘(]tics reveal them. You should not expect 
to see them in the usual preparations stained with hematoxylin and eosin. 
There is evidence that all of these exist in living cells in some form and 
that they have little-understood functions to perform in the cytoplasm. 

Notable among the organoids is the centrosome ( diplosome, if double), 
a tiny body in the attraction sphere that plays a part in cell division 
(page 26). Tliat it likewise may be concerned in some way with certain 
intrinsic cytoplasmic movements, such as the movements of cilia and 
flagella, has been considered by some investigators. Figure 9 illustrates 
diplosomes in the cells of an embryo. 

Mitochondria arc found in all cells of animals but are less readily ob- 
served in fixed and stained cells than in fresh, supravitally stained tissues, 
because they are partly destroyed by lipoid solvents used in the usual 
technical procedures. Obserx'e tlicm in Fig. 9C. With adequate methods 
they appear as rods or filaments, as shown in Fig. 10. Their appearance 
varies xvith changing intracellular conditions. Mitochondria are distrib- 
uted with remarkable regularity to the daughter cells during cell divi- 
sion. Although their function is unkno\vn, a participation in secretory 
and absorptive processes of the cell has been suggested by some in- 
vestigators. 

The Interna! reticular apparatus, also called the Golgi network after 
its discoverer, is demonstrable only by silver impregnation techniques or 
after prolonged fixation with osmic acid solutions. Two characteristic ap- 
pearances of it are demonstrated in Figs. IIA and B. A role in cell secre- 
tion has been suspected. 

Other noteworthy organoids are fibrils, occurring wiOi less regularity 
in cytoplasm of certain cells Tonofibrils have been encountered in some 
epithelial cells, myofibrils, in all muscle cells; and neurofibrils in all nerve 
cells. Fibroblasts of connective tissue are said to possess fibroglia fibrils 
under certain conditions. Somewhat comparable cells of the brain, the 
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odd forms, like the cells of tendons. Flattened plate-like cells most efiR- 
ciently distribute their masses over wide surfaces, as in the closed body 
cavities and in blood vessels. 

Cells that secrete tend to release their secretions through one region 
of the cytoplasm and acquire a fixed polarity. Cells which store fat and 
other materials and which are engaged in their own intrinsic function and 
have no call to move about and help regulate the activities of others most 
closely conform to the ideal spherical or eight- and fourteen-sided shapes. 
It is the active ones— the eager cells, as it were— that are thin, branched, 
and e.xtended. 

Cells of your body vary in size from about 4 /t in diameter to those 
visible to the naked eye. Some even attain a length of more than a meter. 
However, there is no correlation behveen body size and cell size. The 
cells of the giant are as small as those of the dwarf. 

CELL GROWTH AND REPRODUCTION 

Considerable space has been devoted to the description of the cyto- 
plasm of cells, partly in hope that emphasis upon it will tend to counteract 
the tendency that many students have of thinking of blue-stained, clearly 
circumscribed nuclei in their preparations as the only important elements 
in cells. The nucleus is by no means the cell. In fact, it is only the director 
of the cellular activities. The real work of the cell is done by the constitu- 
ents of the cytoplasm. These engage in contraction, secretion, and most 
of the other activities. Only when it comes to growth and reproduction 
does the nucleus come into its own. Even then, cytoplasmic constituents 
play important parts. 

Growth of cells. Noncellular interstitial substances may increase in size 
by the addition of cellular secretions and water, but they do not grow in 
the true sense Cells lacking nuclei may live a long time, but they do not 
grow. The nucleus is essential. Growth is a vital phenomenon involving 
the synthesis of proteins in the cytoplasm from materials assimilated by 
the cell and involving imbibition of water by these proteins. 

Growth may be uniform in all directions, as in the human egg, or it 
tnay be confined to one or two poles and involve flowing-out of the proto- 
plasm, as in nerve-cell processes. Increase in cell size can result from 
the combining of hvo or more small cells to make one big one, like the 
giant, multinucleated, phagocytic^ “foreign body” cell. There is a limit 
beyond which a cell can no longer increase in size. 
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Spheres are arranged in a single layer, each borders upon six neighbors 
and thus becomes a polyhedron with eight sides. Superimposition of layer 
upon layer leads to formation of fourtecn<sidcd polyhedrons (tetrahaide- 
cahedrons), conforming to an ideal geometrical design which encloses tlie 



FIGURE 11. Internal reticular apparatus (Golgi): A, sal- 
ivary gland cells, silver stain. B, spinal ganglion cells, osmic 
acid stain. 1200 X • 


greatest mass with the least surface. Few actually conform to this ideal, 
notably the cells of multilayered epithelia and those of adipose tissue. 

Almost every conceivable shape is encountered somewhere in the body. 
Elongation is a modification favoring contractility and conductivity, as 
seen in muscle and nerve cells. Stellate forms occur in response to the 
need for increased surface, as in nerve cells, inactive macrophages, and 
fibroblasts. Pressiure of other cells or of intercellular structures produces 
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odd forms, like the cells of tendons. Flattened plate-Iike cells most effi- 
ciently distribute their masses over \vide surfaces, as in the closed body 
cavities and in blood vessels. 

Cells that secrete tend to release their secretions through one region 
of the cytoplasm and acquire a fixed polarity. Cells which store fat and 
other materials and which are engaged in their own intrinsic function and 
have no call to move about and help regulate the activities of others most 
closely conform to the ideal spherical or eight- and fourteen-sided shapes. 
It is the active ones— the eager cells, as it were— that are thin, branched, 
and extended. 

Cells of your body vary in size from about 4 ^ in diameter to those 
visible to the naked eye. Some even attain a length of more than a meter. 
However, there is no correlation betsveen body size and cell size. The 
cells of the giant are as small as those of the dwarf. 

CELL GROWTH AND REPRODUCTION 

Considerable space has been devoted to the description of the cyto- 
plasm of cells, partly in hope that emphasis upon it will tend to counteract 
the tendency that many students have of thinking of blue-stained, clearly 
circumscribed nuclei in their preparations as the only important elements 
in cells. The nucleus is by no means the cell. In fact, it is only the director 
of the cellular activities. The real work of the cell is done by the constitu- 
ents of the cytoplasm. These engage in contraction, secretion, and most 
of the other activities. Only when it comes to growth and reproduction 
does the nucleus come into its own. Even then, cytoplasmic constituents 
play important parts. 

Growth of cells. Noncellular interstitial substances may increase in size 
by the addition of cellular secretions and water, but they do not grow in 
the true sense. Cells lacking miclei may live a long time, but they do not 
grow. The nucleus is essential. Growth is a vital phenomenon involving 
the synthesis of proteins in (he cytoplasm from materials assimilated by 
the cell and involving imbibition of water by these proteins. 

CrouTh may be uniform in all directions, as in the human egg, or it 
tnay be confined to one or two poles and im'olve flowing-out of the proto- 
plasm, as in nerve-cell processes. Increase in cell size can result from 
the combining of two or more small cells to make one big one, like the 
giant, multmucleated, phagocytic, “foreign body” cell. There is a limit 
beyond which a cell can no longer increase in size. 
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Cell division is essential for groNVth of the whole organism. Protoplasm 
functions best in small units, but cell division cannot go on indefinitely 
without cell growth. Tlie fertilized egg, a very big cell to begin with, 
divides and redivides until a multicellular blastocyst has been formed 
which is scarcely bigger than the original egg but whose individual cells 

are much smaller. Some of the 
body cells, such as lymphocytes, 
grow large and then divide into 
two daughter cells of ordinary 
mean size. In most instances, 
however^ cells of mean size divide 




FIGURE 12. Amitotic cell division sug- 
gested by a selected senes ol cells ol ibc 
urinary bladder epitbelium 12.00 X. 


into smaller daughter cells, which 
then grow quickly to mean size. 

Reproduction of ceVs: Tlie cell 
division that has to do with prop- 
agating the species is vested in 
special cells of the gonads. Tliat 
which is concerned with growth 
and maintenance is more widely 
exhibited. Stages in cell division 
arc encountered more frequently 
in tissues of young individuals or 
fetuses than in adults. They are 
numerous in rampant neoplastic 
growth. The process of cell repro- 
duction slows down in normal tis- 
sues ^vith advancing age. Indeed, 
after maturity has been reached. 


all cell divisions except those in the gonads are for the purpose of replace- 
ment or repair. 

Frequency of cell division in an organ depends largely upon the life 
span of its component cells, and it varies widely. Nerve cells, for instance, 
live as long as the individual and arc not replaced if destroyed. Cell 
divisions are not encountered in the nerve cells. On the other hand, we 
find such cells as red and white blood corpuscles with short lives. They 
are elements that have to be replaced continuously. Cell division never 
ceases in the organs that produce them. 

The definitive cells of the body, formed by cell divisions, do not them- 
selves divide. A whole different cate^ry of cells is that whose members 
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live a while, divide to produce a definitive cell and another reproducer, 
and go on and on in this way throughout life. In other words, these are 



FIGURE J3. Diagram of mitotic cell division m an aminal cell A, B, and C, pro- 
phase, D and E, later.il and polar views of roetapluise, F and G, anaphase, II and I, 
telophase. 


cells whose main function it is to produce cells. There are other cells that 
never do so. 

Ceil division may be a simple and direct splitting or pinching off of 
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Cell division is essential for growth of the whole organism. Protoplasm 
functions best in small units, but cell division cannot go on indefinitely 
witliout cell gro^vth. The fertilized egg, a very big cell to begin with, 
divides and redivides until a multicellular blastocyst has been formed 
which is scarcely bigger than the original egg but whose individual cells 

are much smaller. Some of the 
body cells, such as lymphocytes, 
grow large and then divide into 
two daughter cells of ordinary 
mean size. In most instances, 






FIGURE 12. Amilotic cell division sug- 
gested by a selected senes of cells of the 
urinary bladder epithelium. 1200 X- 


however, cells of mean size divide 
into smaller daughter cells, which 
then grow quickly to mean size. 

Reproduction of cells: Tlie cell 
division that has to do with prop* 
agating the species is vested in 
special cells of the gonads. That 
which is concerned with growth 
and maintenance is more widely 
exhibited. Stages in cell division 
are encountered more frequently 
in tissues of young individuals or 
fetuses than in adults. They are 
numerous in rampant neoplastic 
growth. The process of cell repro- 
duction slows down in normal tis- 
sues with advancing age. Indeed, 
after maturity has been reached, 


all cell divisions except those in the gonads are for the purpose of replace- 


ment or repair. 

Frequency of cell division in an organ depends largely upon the life 
span of its component cells, and it varies widely. Nerve cells, for instance, 
live as long as the individual and are not replaced if destroyed. Cell 
divisions are not encountered in the nerve cells. On the other hand, we 


find such cells as red and white blood corpuscles with short lives. Tliey 
are elements that have to be replaced continuously. Cell division never 
ceases in the organs that produce them. 

The definitive cells of the body, formed by cell divisions, do not them- 
selves divide. A whole different category of cells is that whose members 
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live a while, divide to produce a definitive cell and another reproducer, 
and go on and on in this way throughout life. In other words, these ate 



FIGURE 13 Diagram of mitohc cell division in an animal cell. A, B, and C, pro- 
phase; D and E, lateral and polar views of metaphase, F and G, anaphase, fl and I, 
telophase. 


cells whose main function it is to produce cells. There are other cells that 
never do so. 

Cell division may be a simple and direct splitting or pinching off of 
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Cell division is essential for growth of the whole organism. Protoplasm 
functions best in small units, but cell division cannot go on indefinitely 
without cell growth. The fertilized egg, a very big cell to begin wth, 
divides and redivides until a multicellular blastocyst has been formed 
which is scarcely bigger than the original egg but whose individual cells 

are much smaller. Some of the 
body cells, such as lymphocytes, 
grow large and then divide into 
two daughter cells of ordinary 
mean size. In most instances, 
however, cells of mean size divide 
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Reproduction of cells: Tlie cell 
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FIGURE 15 Mitosis in fcitilized eggs of the whitefish. A, prophase, 


B, metaphase; C and D. anaphase 1200 X . 
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tlie nucleus and cytoplasm by the process known as amitosts. Or it may 
be, and usually is, a much more complicated, indirect division, to which 
the name mitosis is applied. Tlierc is reason to believe that amitosis 
comes about primarily, if not entirely, in cells whose metabolism is im- 
paired in some way or in cells that are on the verge of death. Figure 12 
illustrates several stages in the process seen in the bladder epithelium. 



FIGURE 14 Four stages in the propiiase of oogonial nu- 
clei (pig embryo) to sliow condensation of diffuse cliroma- 
tin into chromosomes. J800 X . 


Mitosis is the process of reproduction of healthy active cells. Its out- 
standing feature is a temporary disappearance of the nucleus fallowing 
condensation of the chromatin into filaments, called chromosomes. These 
undergo an even longitudinal splitting, and the halves are divided be- 
tween the daughter cells. Tlie term mitosis refers to the chromosomes; 
it means thread. It is customary to give names to the principal phases 
of the process of condensation, splitting, and pulling apart of the chromo- 
somes in mitosis. Tliese phases are illustrated diagrammatically in Fig. 13. 

The prophase is concerned with formation of the chromosomes. 
Chromatin is scattered along the linin network of the resting nucleus, 
The threads of this network gradually shorten. The granules of chromatin 
are pulled together and stain more diu-ldy. Thus, twisted filaments, called 
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Fig. 15.A. The hv’O centrosomes move away from each other, carrying 
along halves of the attraction spheie and rays (Figs. 13B and C). Some 
of the rays of each of the resulting amphiosters become attached to eacli 
of the chromosomes. Amphiasters at the two poles of the cells are con- 
nected by means of mantle fibers, in the center of which are the chromo- 
somes at the end of the prophase. 



FIGURE 17. Group of cells in the ovary of a ptg embryo; 
a, anapha«e, m and m’, lateral and polar views of metapliase, 
p. prophase. 1200 X . 


The number of chromosomes is constant for all body cells of each 
species. There are 48 in man. 

Chromosomes are of various sizes and various shapes, like those seen 
in Fig 15C. They occur in pairs. Each one of a given shape and size has 
a male with identical characteristics. Xn other words, the nucleus actually 
contains a series of mated homologous chromosomes, one member of 
each pair derived from the patem.'i! and the other from the maternal par- 
ent. Species with an odd number of chromosomes possess one extra. 
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spireme threads, are formed. These changes are simm in Figs. 14A, B, 
and C. Tlie chromatin is condensed fiirtlier, and the spireme breaks up 
into chromosomes (Fig. 14D) as the connecting linin network and nu- 



FIGUnE IG. ^^etaphase in fertilized egg of the frog, to 
show chromosome splitting. Small granules are pigment; 
large granules, yolk 2400 X- 


clear membrane disappear. The diromosomes, lying free in the cytoplasm, 
may exhibit thin longihidinal clefts, indicative of the plane of separation 
to be effected in the next stage. 

Coincident with nuclear changes, the centrosome, which is already 
double, becomes prominent, and its attraction sphere sends rays out in the 
cytoplasm, forming a star-shaped body, the aster, like that illustrated in 
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Fig. 15A. The tvvo centrosomes move away from each other, carrying 
along halves of the attraction sphere and rays (Figs. 13B and C). Some 
of the rays of each of the resulting amphiasters become attached to each 
of the chioinosomcs. Amphiasters at the two poles of the cells are con- 
nected by means of mantle fibers, in the center of which are the chromo- 
somes at the end of the prophase. 



FIGURE 17 Group of celk m die ovary of a pig embryo. 
ft, anaphase, m and »n', lateral and polar >-ie\vs of metaphase, 

P> ptophase 1200 X 

The number of chromosomes is constant for all body cells of each 
species. There are 48 in man. 

Chromosomes are of various sizes and various shapes, like those seen 
in Fig. 15C. They occur m pairs. Each one of a given shape and size has 
a male with identical characteristics. In other words, the nucleus actually 
contains a series of mated homologous chromosomes, one member of 
each pair derived from the paternal and the other from the maternal par- 
ent. Species with an odd number of chromosomes possess one extra. 
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which is the sex chromosome-. Man, with an even number of chromo- 
somes, has a pair of sex chromosomes. 

Ihe metaphase is the stage during which the splitting chromosomes 
are arranged at the equator of the cell in readiness to be drawn apart 
Tliey appear as if suspended by tlireads, the mantle fibers, in a single 
plane mid^vay between the bvo asters. Tliis is illustrated diagrammati- 
cally in Fig. 13D. When viewed from one pole of the cell, chromosomes 
appear as in Fig, i3E. More realistic pictures are those in Figs. 16 and 17. 

TJie anophose secs the complete separation of halves of each chromo- 
some and their migration to opposite poles of the central spindle. In dia- 
gram, this is shoum in Figs. 13F and G; better in Figs, 15C and D and 
17. Separation of the chromosomes begins at points of attachment of 
the mantle fibers. As the separating chromosomes move apart, there are 
fine lines left behind them connecting one tvitli another, ^le number of 
chromosomes at either pole of the cell at the end of the anaphase is ex- 
actly the same as the number ia the cell at the prophase. It is the number 
characteristic of the species. 

The telophase is the reverse of the prophase. The compact clu’omo- 
somes grow in length and are soon found to be connected with one an- 
other by the linin nebvorh (Fig. 13ff). The nuclear membrane is re- 
formed. Aster fibrils fade from view ^adually. The centrosomes divide in 
preparation for the next mitotie division {Fig. ]3f). The cell cytoplasm 
constricts between the davighter nuclei, and two new cells ha^'e been 
formed in place of one. 

The time required for completion of one cell division varies with the 
type of tissue and the species. In some, it is an hour or less; two or three 
hours is common. In tissue cultures of fibroblast cells, the prophase takes 
thirty to sixty minutes. The chromosomes remain in the equatorial plate 
at the metaphase for a time varying from only a minute or two to fifteen 
minutes or more. The actual migration takes only two or three minutes. 
Thus the anaphase is brief. The telophase, from the arrival of cliromo- 
somes at the poles until the separation of the daughter cells, takes three 
to six minutes. The period of rest and growth varies beriveen onc-half 
hour and two hours in these tissue culture cells. From a consideration of 
these facts, it appears that the ^eatest number of mitotic figures that 
will be encountered will be prophases. The actual pulling apart of the 
chromosomes is rarely encounter-ed. The relative times for each of these 
phases can be observed very nicely in a motion picture.’- 
1 See Vjsuai Aids I, 2, and 8 . 
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Mitotic cell divisions take place in most tissues of the adult body. An 
unusual type occurs during maturation of the germ cells in the ovary and 
testis. This involves no splitting of the chromosomes, but a division of 
the homologous chromosomes. This process, in which there is a reduction 
to half of the species number of chromosomes, is called meiosis. 


AGING AND DEGENERATION OF CELLS 

Although we are so accustomed to thinking of cells as the living com- 
ponents of tissues that we have so designated them in the heading of the 
present chapter, we must not overlook the fact that some normal healthy 
tissues of the body are composed, in very significant part, of cells that 
are in the process of dying or are actually dead. We are not concerned 
with the cells that die rapidly as a result of disease processes. That is a 
subject for the pathologist. We are called upon to take into account the 
gradual degeneration and death due to aging of cells and especially to 
slow degenerative changes that ultimately benefit the organ as a whole. 
Such changes constitute physiological degeneration. 

Aging is a phenomenon of great importance to all. Its study is k-nown 
as geriatrics. We are no sooner born than we begin to grow old. Some 
of our organs start to degenerate before birth. One of the most notable 
examples of this is the change that takes place in some of the blood \’es» 
sels which were of great functional value before birth but \vhich are un- 
desirable after birth. The umbilical arteries and the ductus arteriosus are 
examples. 

The scope of your course in histology is not broad enough to encom- 
pass the entire range of structural pictures of tissues and organs from the 
time of birth until senility, which form a basis for adequate understand- 
ing of the phenomenon of aging. However, from time to time outstanding 
age differences will be discussed. It is hoped that you will avoid fixed 
concepts of the structure of various organs. The histology of the child 
and that of the aged are significantly <hfFerent from tlie picture usually 
presented as representative of any particular organ. 

Physiological degeneration of cells begins before birth and extends 
throughout life. A few examples ^vill be considered. The barrier between 
the external environment and the body protoplasm is the surface of the 
skin. Stages in transformation of living epithelial cells to dead scale-hke 
comified cells that protect the body against the external environment are 
demonstrated in Fig. 18B. The comified cells are constantly sloughed off 



FIGURE 15. Pliysiological degeneration of cells: A, 
sebaceous gland, B, corm&cd stratified squamous epi- 
thelium, e, stratum corneum; g, stratum granulosum; 

I, stratum lucjdum. 1200 x - 

for the purpose of producing a material to lubricate the surface of the 
body is illustrated m Fig. 18A. Another example of physiological degen- 
eration is tlie loss of nuclei from cells of the bone marrow to produce red 
blood corpuscles. In this way are produced the little hemoglobm-filled 
plastids which, svithout nuclei, are able to lead fast and strenuous lii’es. 
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Epitheliv 


;Uum covers surfaces and lines ca\'ities for the most part. It is the 
only tissue you see when you view yourself or others. Hair, nails, the 
outer layer of skin, the front of the eyeballs, the nasal and oral linings 
are made of epithelial cells. In fa<^, all you ordinarily see of any healthy 
living thing is epithclfum. You can readily verify this by scraping off a 
few surface colls-your own skin is roost convenient-'and studying them 
In a drop of w'ater under the microscope. 


CHARACTEniSTICS OF EPITHELIUM 

Epithelium is the most cellular tissue of (he body. The cells arc alu'sys 
placed in close proximity to one another, like bricks in a wall. And, like 
bricks, they are cemented together with a matrix material. Epithelium 
fits into the concept of tissues composed of cells, interstitial fluid, and 
matrix substance, but %vith the ^eatest emphasis on its cells. 

The intercellular cement or matrix substance is not solidified. It is a 
semifluid material occurring in such small amounts that it cannot be seen 
in histological sections wth the usual staining procediues. It can be 
brought out after immersing fresh epithelium in weak solutions of silver 
nitrate and subsequently exposing them to sunlight. Precipitation of 
silver salts causes the intercellular substance to appear dark broivn or 
black (Fig. 19). Scanty as it is, this substance provides the cells some 
direct contact with the interstitial fluid. By diffusion, oxygen and other 
dissolved substances can reach its cells through the intercellular cement. 

The cells of the outer surface of your body are not living but have un- 
dergone physiological degeneration to provide an armor against the ex- 
ternal environment. They are dry. in contrast to the moist living cells of 
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re 5 pir.ntojy and digestive passages, which are constantly bathed in bod)' 
seaetlons or fluids taken in periodically by movith. 

Epithelial cells are not always exactly alike but vary according to their 
location and function. They may occur in a single layer as simple epithe- 
lium or be piled layer upon layer to constitute stratified epithelium. 

Protection is not the only funcHon of epithelium. Some epithelial cells 
are specialized to facilitate rapid passage of fluids through them. Some 
have secretory functions. Others have developed special characteristics, 
permitting reception of messages from the external or internal environ- 
ment to initiate nerve impulses. Sometimes several functions are ser^’ed 
by different cells of a single epithelial layer, e.g., neuroepithelial cells 
in a layer of protective epithelium. 

Epithelium presents one free surfoce to the outer environment. ’Hu's 
may be composed of dead cornified elements, as in the outer layer of the 
skin, or thickened cell surfaces, such as the striated border of cells in 
the digestive tract. The surface may be specialized in other ways; the 
ciliated free surface of cells in the respiratory tract is an e.vample. 

Its basal surface is presented to the internal environment and may 
be more or less sharply defined according to the development of a 
basement membrane separating it in most places from underlying con- 
nective tissue (Fig, 20C). This basement membrane is sometimes lacking, 
for example, in the thyroid and urinary bladder. In its least well-devel- 
oped state, it consists of an indistinct layer of delicate fibrils, When better 
developed, it is a definite lamina of connective-tissue fibers, and even 
cells, and it presents a homogeneous appearance (Fig. 20). 

Tlirough die basal surface of epithelium, substances needed for vital 
functions of its component cells must pass. With minor exceptions, epi- 
thelia, even when highly stratified, have no blood vessels in them and 
must depend upon diffusion tlirougb interstitial fluid. Not only do fluids 
pass among the cells of epithelia; white blood corpuscles may be found, 
often in great numbers, making their way through the intercellular sub- 
stance (Figs. 24 and 193). Fine nerve terminations also occur among epi- 
thelial cells (Fig. i38A). 

Thus, we learn that the bricks in our wall are not too tightly cemented 
together. U'hen the wall has been broken, they can actually move and 
extend processes to help close the gap. Simple, uncomplicated wounds in 
stratified epitlielium are healed in this way. "nie gliding of cell upon cell 
in the epithelium of the urinary bladder is noteworthy in considering 
movements of epithelial cells. Such structures as inrercellular bridges 
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and ferminpl bors, seen in Figs. 22 and 27, play some part in holding 
components of epithelium together. Tliey are not encountered in those 
layers which exInbit mo\’ement of cells over one another. 


TYPES OF EPITHEIWU 

It is customarj' to classify cpithclia into simple and stratified, accord- 
ing to whether tliey eonsist of one or more layers. It is also customary to 



FIGURE 19 Simple squamous orilheliiun; A, mesoliielium on the 
surface of guinea pig mesentery, B, endothelium lining a small vein 
of the same Intercellular cement is darJiened by silver. 1200 X. 


’ ■’ ' ' r * •*’ component cells. The outermost 

■ ■ ' • ame. Flat cells impart the name 

squamous, and tall cells, co/umnar. Columnar epithelium may be pro- 
vided with cilia on the free surface to complicate its classification further. 
You wll find simple squamous and simple columnor epithelia, also 
stratified squamous and stratified columnar. Furthermore, there are two 
special categories. A v'ariety of simple columnar epithelium has low. 
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medium-high, and tall cells. All rest on the basement membrane, but only 
the tall cells reach the surface. This is called pseudostratified epithelium. 

A variety of stratified epithelium occurring only in the urinary tract, 
notably the bladder, is designated transitional epithelium. Its superficial 
cells are irregular .m shap^but have considerable height and so should be 




FIGURE 20 Simple squamous epimelium. A, flat mesothelium on fibroi 
connective tissue of the serous co.it of the monkey gall bladder, B, bulging 
nuclei in endothelium of a contracted arteriole from the same animal, C, 
thick simple squamous epithekum with a prominent basement membrane, 
m, on the posterior surface of a rabbit s cornea 1200 X . 

classed as columnar During distention of the urinary bladder, they be- 
come quite flat, and the number of layers decreases as the cells slide past 
one another to adjust to the increased surface area. 

Simple squamoiis- Sheets of flat cells, bulging at their nuclei and joined 
to one another with intercellular cement substance, make up simple 
squamous epithelium. Figure 19 illustrates this type in surface view. Re- 
semblance to a platter of fried eggs is often suggested. Some simple 
squamous epithelia are thinner than others (Figs. 20A, B, and C). 

Simple squamous epithelium is never found in exposed places where 
protection is needed, nor does it occur where absorption or secretion is 
the requirement. It is the epithelium of the blood-tissue fluid barrier and 
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l}ie tissue fluid-lymph barrier. In other words, it occurs wliere thin semi- 
permeable membranes must be set up between two fluids. It occurs also 
in places where a simple compartmentalizing tissue is needed. 

Under the name endothelium, it forms linings of capillaries, then con- 
tinues into the larger blood vessels and the heart ( Figs. 19B and 20A and 
B ) . It is so very thin in some places, e.g., in the bone marrow sinusoids, 
that we cannot be certain it forms a complete barrier. 



FIGURE 21. Low simple columnar epithelium; A, 
small renal collecting tubule of a monkey; B, thyroid 
follicle of a monkey. Terminal bars are sho^vJ) as 
black patches at cell iim<^lons. 1200 X. 

Simple squamous epithelium lines the body compartments, where it 
goes by the name mesothelcum in peritoneal, pleural, and pericardial 
cavities (Fig. 19A). Similarly, it lines the spates containing other special 
tissite fltiids, like the aqueous humor of the eye (Fig. 20C), fluids of the 
internal ear, and cerebrospinal fluid. 

In the lung alveoli, simple squamous epithelium is said to form an ex- 
quisitely thin lining, although some dispute this. On one side of this lin- 
ing is tissue fluid; on the other, the thin film of fluid coating the respira- 
tory tract. It is encountered on a few other moist surfaces. It will be 
found in some very small excretory tubules. 

Simpfc columnar: Thicker cells form simple columnar epithelium. The 
facets by which each cell joins its neighbors may be as great or greater 
in area than the outer and inner cell surfaces. This type of epithelium is 
illustrated in Figs. 21 and 22. Simple columnar epithelium has greater 
protective qualities than simple squamous epithelium, but proteebon is 
not its principal function. If we include its special pseudostratified vari- 
ant, we can say it is the only type of epithelium concerned with secrehon 
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and absorption. It is one of the main epithelia lining excretory passages. 
Most other functions are incidental specializations. 

In simple columnar epithelium, the outer border of the cells is apt to 
be specialized. Brush borders (Fig. 9) and striated borders (Figs. 22 and 
29A) are associated with the phenomenon of absorption. The highest de- 
gree of specialization is seen in the formation of cilia (Figs. 23 and 24). 



FIGURE 22. Tall simple columnar epithelium lining the 
monkey gall bladder Prominent terminal bars and faintly 
striated border are present; a delicate basement mem- 
brane, m, IS seen above connective tissue. 1200 X. 

Cilia are not always motile (Fig. 25), but when they are, they move secre- 
tions or excretions along the surface. 

Low simple columnar epithelium, called cuboidal by some, presents 
its most characteristic appearance in glands and gland-like organs It will 
be found in the thyroid, in tubules of the kidney, and in the pigmented 
layer of the retina. These examples are illustrated in Figs. 8A and B and 
21. In modified form, low columnar epithelium occurs in the liver In 
most of the endocrine glands, cells resembling low columnar epithelium 
occur in cords and masses, rather than in sheets or layers. Perhaps they 
should be indicated by the name epithelioid cells (Fig. 31D). 

High simple columnar epithelium is least specialized m the gall bladder 
(Fig. 22). It lines the intestines, where absorptive cells alternate with 
mucus-secreting elements, as shown in Fig. 29A. It is found also in glands 
(Figs. 31 and 32) and in many glandular ducts, where its cells assume 
the shape of truncated pyramids. The simple columnar epithelia of the 
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uterus, uterine tube, and small bronchi possess active cilia. Ciliated cells 
often alternate with secreting cells of simple columnar epithelium, as 
shown in Fig. 23. 

Pseudosfratified: The tj'pe of epithelium illustrated in Figs. 24 and 23 
is called pseudostratifled. It occurs throughout most of the respiratory 
tract and in the male genital passages. Active cilia are present on most of 
the respiratory epithelial cells. Inactive cilia are said to be present in the 

male reproductive tubes. Mu- 
cus-secreting cells alternate 
with ciliated excretory cells 
in the epithelium of the re- 
spiratory passages (Fig. 24), 
Nonciliated pseudostratified 
epithelium is rare. It is found 
only in a few large excretory 
ducts. 

Stratified columnar: Like 
nonciliated pseudostratified 
epithelium, the truly stratified columnar epithelium is of rare occurrence 
and need not concern you greatly. It may be encountered in a few large 
excretory ducts. 

Stratified squamous: The esophagus is lined with typical stratified 
squamous epithelium. Figure 26 shows it in that organ. The cells of the 
lowest or basal layer are tall. The outside layers are flat, and they are the 
ones that give the name squamous to the epithelium. Cells of the inter- 
vening layers vary in height as they arc pushed upward toward the flat- 
tened surface. They are firmly attached to one another. You can some- 
times observe intercellular protoplasmic bridges like those sho^vn in 
Fig. 27. 

Epithelium similar to this— and likewise basally indented by connec- 
tive tissue— occurs in the mouth, oral pharynx, upper part of the larynx, 
lower part of the anus, the vagina, and outer part of the urethra. In fact, 
it is found wherever a combination of moist surface and high degree of 
protection from abrasion is required. A simpler type covers the transpar- 
ent cornea of the eye (Fig. 152). Glands are associated with stratified 
squamous epithelium in these locations to provide lubricating fluid. It is 
noteworthy that other types of epithelium, when subjected to exposure, 
drying, and abrasion, can become stratified squamous epithelium The 
process by which they are transformed is called metaplasia. 
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FIGURE 23. Simple columnar cpUliclium of 
cat’s uterine tube. Ciliated cells altcmate witli 
groups of nonciliated cells. 1200 x. 
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Stratified squamous epithelium of the cornified variety, illustrated in 
Figs. 170 and 171, covers the entire external surface of the body, giving 
way to the noncornified type at all the body orifices. With its appendages, 
the hair, nails, and sweat and sebaceous glands, it presents special fea- 
tures which can best be considered in the chapter on the integument 
(page 244). 

Transitional; Structuially and functionally similar to stratified squamous 



FIGURE 24. Pseudostratified epuhelium with motile ciha, c, 
lining monkey fracliea Goblet cells, g, are pounng mucus, m, 
onto the epithelial surface, a prominent basement membrane, 
b, is present abcjve loose connective tissue; a lymphocyte, 1, is 
migrating through the epithelium. 1200 X 

epithelium is transitional epithelium. One difference is that its cells are 
freer to move over one anotlier. They do so in the urinary bladder as that 
organ fills and empties. This change Is shown in Fig. 28. In transitional 
and in other stratified epithelia, gro\vth and replacement of cells take 
place in the basal layer. Stages of mitosis are ordinarily found there and 
at higher layers. Direct cell divisions may occur in the superficial layers 
of the bladder epithelium (Fig. 12). 


GLANDULAR EPITHELIUM AND GLANDS 
Many cells of simple columnar and some of those of other types of 
epithelium are concerned with 'the nhf'nompnnn of secretion. All living 
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cells give off products of their metabolic activities, Nfost of these are of 
no use to tlie organism as a whole and constitute waste products (hat 
must be excreted elsewhere in the body. Some cells manufacture sub- 
stances not for their own use nor as a by-product of their own metabo- 
lism. Their products are called secretions, whether extruded into a duct 
or diffused through endothelium of adjacent capillaries into the blood 
stream. 



FIGURE 25 Pseudostratifieil epithcljum, actively secretory, sll 0 ^ving sur- 
face projections which appear to be noninotilc cilia but which may be et- 
tensions of tiie intercellular projections of matrit covered with secretion. 
Specimen is from the epididymis of a ram, 1200 X • 

Groups of cells engaged in secretion into ducts form the common exo- 
crine glands like the salivary glands. Groups whose secretions pass into 
the tissue fluid and enter the blood stream are ductless and constitute 
the endocrine glands, or glands of internal secretions. The thyroid is a 
good example. 

The epithelial cells of exocrine glands e.xhibit a polarity. The ante- 
cedents of thejr secretions first appear as minute droplets or granules in 
the basal half of the ceil where the nucleus is usually located. The drop- 
lets increase in size and move toward the free surface of the cell where 
they may accumulate as masses of round granules or where they may run 
together into larger drops. 
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In most glandular epithelium, \valery secretions diffuse tlurough the 
free surface membrane of the cell wthout producing visible change in 



FIGURE 26- Stratified squamous epithelium lining the esophagus of a 1- 
year-old liuman infant. Papillae of connective tissue indent the epithelium. 
Note that the magnificatian is less than other illustrations of epithelia. 900 X . 


it. Glands secreting in this manner are classified as merocrlne glands, 
cells of which are illustrated in Figs. 29B and C. 

In other cells, the secretion cannot be released unless the cell mem- 
brane on the free surface is altered. Often it appears to be dissolved, and 
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cells give off products of their metabolic activities. Most of these are of 
no use to the organism as a whole and constitute waste products that 
must be excreted elsewhere in the body. Some cells manufacture sub- 
stances not for their osvi\ use nor as a by-product of their ONvn metabo- 
lism. Their products are called secretions, whether extruded into a durt 
or diffused through endothelium of adjacent capillaries into tlie blood 
stream. 



FIGUHE 25 Pseudostratified epilhelmm, acUveV secretory, showng sur- 
face projections which appear to be nomnotile cilia but which may be ex- 
tensions of the intercellular projections of matrix covered with secretion. 
Specimen is from the epididymis of a ram. 1200 X . 

Groups of cells engaged in secretion into ducts form the common exo- 
crine glands like the salivary glands. Groups whose secretions pass into 
the tissue fluid and enter the blood stream are ductless and constitute 
the endocrine gfands, or glands of interoal secretions. The thyroid is a 
good example. 

The epithelial cells of exoo-ine glands exhibit a polarity. The ante- 
cedents of their secretions first appear as minute droplets or granules in 
the basal half of the cell where die nudeus is usually located. The drop- 
lets increase in size and move toward the free surface of the cell where 
they may accumulate as masses of round granules or where they may run 
together into larger drops. 
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such as Uterine and intestinal glands (Fig. 31A), or they may be long 
coiled tubes like those of the sweat glands (Figs. 167 and 176). In some 




FIGURE 28. Transitional epithelium. A, contracted unnary bladder of a dog; B, 
distended vninaiy bladder of a rabbit. 12,00 X • 


locations, several tubular glands open into one duct, forming a branched 
tubular gland (Fig. SIB). 

The next step in increasing glandular complexity is produced by lateral 
outpocketing from the simple tubule, wliich thus becomes branched (Fig. 
31C). The blind ends of the brandies may be dilated, and secretory cells 
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a small portion of the cytoplasm beneath it undergoes destruction. Such 
a process, illustrated in Fig. SO, occurs in apocrine glands. 

Cells of a few glands produce lipoid secretions and die in the process. 
The sebaceous glands are of this holocrine type. They are formed by 
stratified squamous epithelium. Tlicir degenerating, secretion-filled cells 
are replaced as rapidly as they are destroyed. A detail of their structure 
is represented in Fig. 18. 




FIGURE 27. Intercellular bridges between cells of 
stratum germmati\nm of cats paw epitlielivim. IfiOO X. 


Secretoiy cells scattered among nonsecretory cells of simple columnar 
and pseudostratified epithelium may be regarded as unicellular glands. 
Typical of these are the mucus-secreting cells of intestinal and tracheal 
epithelium, called goblet cells because of their shape (Figs. 24 and 29A). 
Mucus at first appears as minute droplets which run together and cause 
a swelling in the cytoplasm of the cell, deforming the basally placed nu- 
cleus and compressing adjacent cells. The mucus is usually discharged as 
a single mass, leaving the unicellular gland thin and exhausted. 

Multicellular glonds are formed of epithelial cells arranged in various 
ways for the purpose of increasing the secretory surface. Some glands 
are of microscopic size, Iflce the tiny ones in walls of the mouth, trachea, 
stomacli, and intestines. Others are so large that they may weigh hun- 
dreds of grams. The liver is in the latter category. Multicellular glands 
may be simple ti/buJeS’-rehtively sbwt depressions of an epithelium— 
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face of epithelium. Their secretions traverse a system of ducts and are 
poured out onto the epithelial surface. The complexity of the duct sys* 
tern is related to the size of the gland. In the largest glands, secretion is 
carried considerable distances, and the glands may be placed far away 
from the epithelium onto which it is emptied. 



FIGURE 30. Secretory phenomena in simple columnar cells of human 
utcnne gland Preparation by Dr. G. N. Papanicolaou. 1200 X . 


The large glands are subdivided into lobes and lobules and are elabo- 
rately supplied with blood vessels, lymphatic vessels, and nerv’es. 

Endocrine glands may arise embryologically as simple outpockelings 
from epithelium, but they lose this connection and most of them present 
the appearance shown in Fig, 31D. Occasionally a remnant of the duct 
may persist, such as the thyroglossal duct of the thyroid gland. 

Cells of exocrine glands are not always of one type. Some acinous and 
tubulo-acinous glands have two varieties of cells; serous and mucous. 
These may be intermingled in one acinus or may occupy different acini. 
The submandibular salivary gland is an example of one with components 
producing both watery, serous fluid and thicker mucus. In sections stained 
'vith hematoxylin and eosin, serous cells are apt to be unstained or 
stained pink, and mucous cells, blue. Some mucous cells look pale, and 
some serous cells contain blue chromophil substance. There are always 
exceptions to plague you. Serous cells have elliptical nuclei, whereas the 



TIGURE S9. CJandulat epithelium. A, goblet cells, scwetirig mucus, among ab- 
sorptive cells with bortfers, in the small intestine of a catj B, zymogen gran- 

ules in cells of a pancreatic aonus of a Jalten, C, termination of a principal gland 
a mooicey's stomach, showing pepsin-secsetmg chief cells, c, and acid-producing 
parietal celb, p Note the intracellular secretory canalicuUo. p'. i2<K> X. 

acini opening along the course of one duct or forming a cluster at the end 
o£ a duct build a simple branched adnous gland. Such a gland resembles 
a bunch of grapes, with the main duct representing the stem. Glands that 
combine the structure of tabular and acinous glands are called rubulo> 
ocinous* 'Itiey are compound glands The parotid is an example. 

Large exocrine glam^ are located in connective tissue beneath the sav- 
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Furthermore, some of the endocrine glands ha\'e several types of cells. 
Finally, glands will be studied that are made up of both exocrine and 
endocrine elements. An example is the pancreas. Each of the examples 
mentioned here will be considered further in later chapters. 



FIGURE 32. Serous (left), mucous (middle), .ind mixed (right) acini of a human 
tracheal gland. 900 X . 
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mucous-cell nuclei are usually flattened and pressed against the base of 
the cell. These diflerences are illustrated in Fig. 32. Crescentic groups 
of serous cells are often seen pushed aside hy swollen mucous cells, form- 
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Furthermore, some of the endocrine glands have several types of cells. 
Finally, glands will be studied that are made up of both exocrine and 
endocrine elements. An example is the pancreas. Each of the e.xamples 
mentioned here will be considered further in latei chapters. 



FIGURE 32. Setovis (IcCt), mucous (middle), and mt\ed (nght) acml of a human 
tracheal gland 900 x . 
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Blood 


Biood is a ceil-containing fluid which transports oxygen, water, food 
materials, metabolic waste products, and intenial secretions. It is a tissue, 
closely related to connective tissue. Because it is constantly circulating 
throughout the body, it serves to intc^te one part with another. Blood 
provides a means by which the internal environment is maintained con- 
stant. Furthermore, it is the vehicle for quieWy mohiUzIng defenses 
against trauma and disease. It is a short-lived tissue, all the cells of which , 
are replaced a great many times during a norma! human life. 

PLASAfA 

Blood, as a tissue, has interstitial substance, the plasma, in which its 
cells, unattached to one another, are suspended. Blood forms 7 to 8 per 
cent of the weight of the body. Consequently, a person weighing 75 kg. 
has about 6 1. of blood. Almost 55 per cent, or at least 3 1. of this, is 
plasma. The total v’olume of plasma is maintained with remarkable con- 
stancy and, in emergencies, at the expense of tissue fluid and lymph. To 
the beginner, blood plasma looks like an insi^ificant watery background 
material. To the biochemist and general physiologist, it is a veritable 
gold mine of protein fractions, Tlie extensive employment of dehydrated 
plasma to replace proteins lost by hemorrhage from war wounds serves 
to illustrate the physiological importance of this anatomically insignificant 
fluid component of the tissue, blood. 

FOBMFD ££,EAfEIVrS 

Formed elements of the blood are red corpuscles, white co^uscles or 
leucocytes, and blood platelets. These are all illustrated in Figs. 33 and 
48 


FORMED ELEMENTS 


49 


34. Red corpuscles are most numwous, 4.5 to 5 million being present in 
each cubic millimeter of blood. Thus, there are about 30 trillion red cor- 
puscles in the entire body. The leucocytes are mucli less numerous, about 
8,000 per cubic millimeter. Platelets number 200,000 to 400,000 per cubic 
millimeter of blood. 

Techniques for determining numbers of corpuscles, the amounts of 
hemoglobin, and the proportion of formed elements and plasma will be 
considered in other courses. They are standard practices but often con- 
ducted with amazing inaccura<y. To do justice to them requires consid- 
erable training and skill and certainly more time than the usual course 
in histology permits. 

The formed elements of the blood separate from the blood under the 
influence of certain constituents of the plasma and blood platelets to 
form a blood clot when blood is exposed to air or when the endothelium 
of blood vessels is injured. The remaining clear yellowish fluid is known 
as serym. This should not be confused %vith plasma, the fluid part of un- 
clotted blood, lymph is something dlJTcrent again. It is a tissue fluid in 
lymphatic vessels. In the larger lymphatic vessels, it contains leucocytes. 
Lymph and plasma will clot; serum will not. 

lied corpuscles: These are small biconcave discs of remarkably con- 
stant size, averaging 8.6 ft in diameter in fresh blood but only 7.6 in dry 
smears or fixed preparations. These little hemoglobin-containing cells 
without nuclei have remarkable properties. They are extraordinarily flex- 
ible and elastic, as can be seen in the capillary circulation of a living 
animal. The way they hump along, bend, and resume their normal form 
can be appreciated only by observing them in the living. If a demonstra- 
tion cannot be set up, it is possible that motion pictures of this phenome- 
non may be shown.* Drawings of corpuscles in capillaries are reproduced 
in Fig. 93. The smallest vessels just fit the red corpuscles. 

Red corpuscles owe their color to hemoglobin, a complex iron-contain- 
ing protein in the cytoplasm. This pigment reflects red light and gives 
blood its color. However, individual corpuscles have a greenish-yellow 
hue. In dry smears and in sections, they are acidophilic and stain pink 
with eosin. 

Much can be gained by observing them in fresh condition. Place a drop 
of blood on a slide and cover it with a cover sHp. Dispersed corpuscles, 
presenting front and profile views, reveal their shape. In thick films of 
fresh blood, you may see corpuscles sticking together and resembling 
> See Visual Aids 9 and 10 
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staclv's of coins. Tliese are known as roufeaux. If a little of the fluid is 
allowed to evaporate from the pr^aration, you will observe the surfaces 
of red corpuscles beset with conical and knob-like projections. We say 
they have become crenated. Crcnation occurs in consequence of an in- 



FIGURE S3. Formed elements of human blood: a, eosinophil; 6, basophil; 
e, red corpuscles. /, l>7nphoo les of small and medium size; m, monoc>’tes, 
one sliovving .izurophil granules in the c>'toplasm; n, neutrophils; p, plate- 
lets. 1200 X 

crease in density of the plasma, causing it to become slightly hypertonic. 
If its densit}’ is decreased by allowing Nvater to diffuse into it, the plasma 
becomes hypotonic, and the coipusdes become swollen, assume globoidal 
shapes, and finally burst This phenomenon is known as hemolysis. The 
shadowy remains of red corpusdes consist of their delicate plasma mem- 
branes, rich in lipoids. They are envelopes which contained the special- 
ized, highly fluid cytoplasm. 
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Red blood corpuscles are constantly undergoing destruction, and new 
ones are added to the blood stream. Their immediate predecessors arc 
hemoglobin-containing cells \vith darkly staining nuclei, found in the 
bone marrow but seen in cuculating blood of healthy human beings only 



FIGURE 34. Formed elemenU of human blood- 1, small lymphocyte: 2, 
medium-sized lymphocyte with azuiophil gramdes in die cytoplasm; 3. 
lymphocyte and monocyte, 4, monocyte, 5 and 6, neutrophils, 7 and 8, 
eosinophils, 9, hasoplul, platelets ate present in 2 and 5, Wright’s stain 
Photomicrographs. 1200 X . 

during early infancy. At birth, about 1 per cent" of the corpuscles are 
these nucleated cells. Nuclei disappear during development of red coi- 
piiscles. Sometimes nuclear fragments appear in blood smears, and they 
arc called Uowell-JoIIy bodies. With appropriate staining, a very few 

Higher X’alues have been reported, altlioagh it is douhtfiil if they are correct for 
lull-tcrm infants 
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stncks of coins. Tiiese are kno^vn as rouleaux. If a little of the fluid is 
allowed to evaporate from tiie preparation, you will observe the surfaces 
of red corpuscles beset with conical and knob-like projections. We say 
they liave become crenated. Crenation occurs in consequence of an in- 



FIGUHE 33. Formed elements of human blood: a, eosinophil; b, basophii; 

red corpuscles; I, Ij-mphocj'tes of small end medium sixe, m, monocytes, 
one showing azurophil ^anulcs in the cytoplasm; n, neutrophils; p, plate- 


lets. 1200 X. 

crease in density of the plasma, causing it to become slightly hypertonic. 
If its density is decreased by allowing water to diffuse into it, the plasma 
becomes hypotonic, and the corpuscles become swollen, assume globoidal 
shapes, and finally burst. This phenomenon is kno^vn as hemolysis. The 
shadowy remains of red corpusdes consist of their delicate plasma mem- 
branes, rich in lipoids They are ^vdopes which contained the special- 
ized, highly fluid cytoplasm. 
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granules in the cytoplasm, even without benefit of staining. However, the 
use of supravital stains will aid greatly in identification of the several 
types. A motion-picture film’ showing leucocytes in tissue culture is well 
worth seeing. 

Leucocytes are studied to best advantage in thin blood smears stained 
with Wrights stain. For methods, consult manuals of technique. There 
are two categories of leucocytes, based on the presence or absence of 
specific granules in the cytoplasm. Those with specific granules are 
granular leucocytes; those without them, nongranolar leucocytes. The 
Uvo differ not only by the presence of specificallj' staining cytoplasmic 
granules, but also in respect to characteristics of the nucleus. The granu- 
lar leucocytes have oddly shaped, often multilobulated nuclei, while the 
nongranular leucocytes have relatively large, spherical, or indented 
nuclei. 

Granular leucocytes, together with all the red corpuscles and platelets, 
are formed in the bone marrow and constitute the myeloid series of blood 
elements. The nongranular leucocytes arise in the lymphatic organs and 
IjTnphatic tissue and are designated the lymphoid series of cells. 

Granular leucocytes are of three kinds, differing from one another in 
respect to the staining reaction of their cytoplasmic granules. Those with 
large granviles that stain intensely pink with the acid dye, eosin, are 
called eosinophils. Those which have large ^anules colored just as bril- 
liantly with the basic dye, polychrome methylene blue, are designated 
basophils. The third, and by far the most numerous variety, display their 
very small granules faintly. These granules are neither briglit pink nor 
dark blue, but a pale intermediate neutral shade, Consequently, the leu- 
cocytes with them are named neutrophils. Structural differences among 
the three are shown in Figs. 33 and 34. 

Neutrophils (properly, neutrophilic leucocytes) comprise 65 to 75 per 
cent of all leucocytes. They are definitely larger than red corpuscles, usu- 
ally me.isunng 10 to 12 fx in diameter. Their nuclei consist of long twisted 
cr bent masses of darkly staining chromatin, often pinched off into sev- 
eral lobes. This is why some people call them polymorphonuclear leuco- 
cytes. Lobulation of the nucleus serves as a basis for classification into 
younger and older cells. Those with many lobes are considered to be old; 
those with one or two chromatin masses, young cells. 

Neutrophils are migratory and phagocytic. They excel among all forms 
of leucocytes in ameboid movement Tlie pseudopodia of living neutro- 
* See Visual Aids, 6. 
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red corpuscles, approximately 1 per cent in adults and 6 per cent in the 
newborn, exhibit a blue network or reticulum. These are called reticulo- 
cytes (Fig. 35). Their presence at other times indicates an increased ac- 
celeration of red corpuscle production. Few red corpuscles depart greatly 
from the average 7.6 ^ diameter, but some large and some small forms 



FIGURE 3S, Reticulocytes in blood of a newborn human infant. Note also 
the size variations among the red corpuscles. Preparabon by Dr. Q. B. De- 
Marsh. photomicrograph, 1200 X • 


may be seen in blood of the newborn. These are spoken of as macrocytic 
and microcytic corpuscles. 

The length of life of red corpuscles is 100 to 120 days. They are de- 
stroyed and phagocytized in the sinuses of the spleen and liver, for the 
most part. When thjs occurs, the materials of which hemoglobin is con- 
structed are not entirely cast off. Iron is salvaged and reutilized for hemo- 
globin synthesis in new corpuscles developing in the bone marrow. The 
constant production and destruction of the red corpuscles are not unlike 
the constant production and destruction of cells of epithelium, mentioned 
in the previous chapter. 

White corpuscles: These are true cells with nuclei and are properly 
designated, leucocytes. Their cytoplasm lacks hemoglobin and exhibits 
ameboid movement. In fresh blood, you can identify more than one kind 
of leucocyte if you study your preparations carefully. Some will exhibit 
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They are often more easily found outside the vascular system than in the 
blood. They do become numerous in the blood stream in certain para- 
sitic and allergic diseases. Less is known about their function than about 
that of neutrophils. Their presence in the loose connective tissue beneath 
the epithelium of the respiratory and digestive tract is notewortliy. Some 
suggest a detoxifying role in which they absorb and remove histamine. 

BasophiU are the rarest of all cells in human blood. They constitute 
only about 0.5 per cent of the leucocytes, or 1 to 120.000 red corpuscles. 
Therefore, do not be overly concerned if you fail to find one in the first 
hour or so. If you should encounter one, you will know it, because baso- 
phils ate fully as spectacular as eosinophils. The chief difference is that 
their large granules are stained deep blue with Wright's stain. Granules 
are so striking tliat one often overlooks the rather large, lightly stained 
nucleus. This is less polymorphous than that of other granular leucocytes, 
and it often appears to be bilobed or kidney-shaped. Tlie granules of 
human basophils are u-ater-soluble. For this reason, the cells do not show 
up in routine histological sections. What, if any, iclationship exists be- 
tween them and the mast cells of connective tissue is unknown. It will 
have to be added that nothing is known about their function. 

The nongranular leucocytes are the lymphocytes and monocytes, which 
constitute the lymphoid series of blood cells. They may be seen m Figs. 
S3 and 34. 

Lymphocytes are the smallest leucocytes. Most of them measure C to 
in diameter in blood smears, about the same size as red corpuscles, 
although some are 8 to 10 /t, and a few as large as 12 ix will be encoun- 
tered. They are nearly one-third as numerous as neutrophils, constituting 
20 to 25 per cent of all leucocytes under healthy physiological conditions. 
The cytoplasm is always scanty and forms just the slightest pale-blue 
crescent around a spherical, darkly stained, and blotched nucleus in the 
smaller members of this class. The cytoplasm is a little more plentiful, 
and the nucleus is indented in the larger circulating lymphocytes. In 
stained sections, the lymphocyte nucleus appears to be made up of blocks 
Or Wedges of chromatin and h.as somewhat of a cartwheel appearance. 
Larger, older lymphocytes may display a few darkly staining particles 
in their pale-blue cytoplasm. 

Lymphocy tes are act^^’ely migratory cells and show up in the most 
surprising places They squeeze through the endothelium of blood ves- 
sels with great facility and are found in enormous numbers in the sur- 
rounding connective tissue They ex’en pass through the mucous mem- 
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phils are compared with those of lymphocytes in Fig. 36. It is probable 
that neutrophils do not perform any function within the blood stream. 
But they aie not confined to the circulation. They can make their way 
out between the endothelial cells of capillaries and enter the tissues. 

Their life in the blood is short. 
Evidence suggests that four days 
is about the maximum. What 
happens to them in the healthy 
body after that is unknown. 

Neutrophils may be thought of 
as forming a large standing army, 
constantly mobilized and ever 
ready for body defense, for they 
are tlie first on the scene in case 
of infections. Infections call out 
reserves from the bone marrow. 
A marked rise in their number in 
the blood constitutes leucocyte- 
sis. Once out in the tissues, neu- 
trophils can engulf small particles 
and bacteria. They appear to have 
a special predilection for the pyo- 
genic organisms. Neutrophils are 
the shock troops, as it were, en- 
dowed with ability to kill and digest bacteria, and often to die in great 
numbers in doing so. They differ from other phagocytes, which are not so 
quick on the draw and often engulf bacteria without killing them. They 
are sometimes called microphages in contrast to the other, slower phago- 
cytes, which are macrophages. 

Eosinophils are more spectacular in appearance, although less numer- 
ous than neutrophils. They constitute 2 to 5 per cent of all leucocytes. 
The nucleus is usually less polymorphous, often appearing as two lobes 
connected with a narrow bridge. Their main characteristic feature is the 
presence in their cytoplasm of very prominent acidoplnlic granules of 
rather uniform size. No one wth normal color vision can possibly miss 
these. Yet, it is common experience to find students anxious to mistake 
neutrophils for eosinophils. Remember, there will be 1 leucocyte to every 
600 red corpuscles, but only 1 eosinophil to 20,000 red corpuscles. 

Eosinophils are migratory, but apparently they are not phagocytic. 



FIGURE 88, Lymphocytes, A, and neu- 
trophils, B, in a supravitally stained prep- 
aration of fresh blood on a warm stage, 
showing pseudopodia extended. 1200 X . 
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Tliey are often more easily found outside the vascular system than in the 
blood. The)’ do become numerous in the blood stream in certain para- 
sitic and allergic diseases. Less is knowm about their function than about 
that of neutrophils. Their presence in tire loose connective tissue boneatli 
the epithelium of the respiratory and digestive tract is noteworthy. Some 
suggest a detoxifying role in which they absorb and remoN’e histamine. 

Basophils are the rarest of all cells in human blood. They constitute 
only about 0.5 per cent of the leucocytes, or 1 to 120,000 red coipuscles. 
Therefore, do not be overly concerned if you fail to find one in the fiist 
hour or so. If you should encounter one, you will know it, because baso- 
phils are fully as spectacular as eosinophils. Tiie chief difference is that 
tlieir large granules are stained deep blue with Wright’s stain. Granules 
are so striking that one often overlooks the rather large, lightly stained 
nucleus. This is less polymorphous than that of other granular leucocytes, 
and it often appears to be bilobed or kidney-shaped, Tlic granules of 
human basophils are water-soluble. For this reason, the cells do not show 
up in routine histological sections. What, if any, relationship exists be- 
bveen them and the mast ceils of connective tissue is unknown. It will 
have to be added that nothing is kno\vn about their function. 

The noijgranular leucocytes are the lymphocytes and monocytes, which 
institute the lymphoid series of blood cells. They may bo seen m Figs. 
33 and 34, 

lymphocytes are the smallest leucocytes. Most of them measure 6 to 
8/4 in diameter in blood smears, about the same size as red corpuscles, 
although some are 8 to 10 and a few as large as 12 fi will be encoun- 
tered. They are nearly one-third as numerous as neutrophils, constituting 
20 to 25 per cent of all leucocytes under healthy physiological conditions. 
*1116 cytoplasm is always scanty and forms just the sUglitest pale-blue 
w^escent around a spherical, darkly stained, and blotched nucleus in the 
smaller members of this class. The cytoplasm is a little more plentiful, 
and the nucleus is indented in the larger circulating lymphocytes. In 
stained sections, the lymphocyte nucleus appears to be made up of blocks 
or wedges of chromatin and has somewhat of a cartwheel appearance. 
Larger, older l)’mphocytes may display a few darkly staining particles 
in their pale-blue c)’top!asm. 

L}Tnphocyles are actively migratory cells and show up in the most 
surprising places. They squeeze through the endothelium of blood ves- 
sels with great facility and arc found in enormous numbers in the sur- 
rounding connective tissue. They even pass through the mucous mem- 
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branes lining digestive, respiratory, and urogenital passages of the body. 
Lymphocytes might well be considered primary residents of the connec- 
tive tissue instead of tlie blood. Tlicir life in the circulation, where they 
just drift about, is short-not much over one day. It has been estimated 
that as many enter the circulation each day as are present in it at any 
time. Those which are lost by migration into the lumen of the digestive 
tract are counted in hundreds of millions daily. AltJjough lymphocytes 
are not phagocytic, there is growing evidence that they can become trans- 
formed into macrophages in the tissues under certain conditions. Tliey 
occur abundantly in regions of inflammation. They are rather primitive 
cells. Tlieir destruction by action of certain hypophyseal secretions has 
been observed, and this may be a source of globulin in blood plasma. 

Monocytes are less numerous than lymphocytes and are larger, measur- 
ing 12 to 15 n in diameter, or even more. The larger, older monocytes have 
a cliaracteristic structure, but the smaller, younger ones are practically 
indistinguishable from large blood lymphocytes. The cytoplasm may be 
a little less basophilic, commonly containing a few purplish-stained par- 
ticles. Tlje nucleus is eccentrically placed and is more or less deeply in- 
dented; it may be kidney- or even horseshoe-shaped in the larger mono- 
cytes (Figs. 33 and 34 ). 

Monocytes comprise only 2 to 6 per wiit of all leucocytes in tlie blood 
stream. But the blood stream is not their natural habitat. Tliey are much 
more important cells than the small number seems to signify. In the con- 
nective tissue, they become indistinguishable from tissue macrophages. 
They can become enormously distended >vith tissue detritus or bacteria 
in regions of degeneration or infection. Into such regions they are mar- 
shaled more slowly than the neutrophils. 

Lymphocytes and monocytes are related to each other and to other 
connective-tissue cells. Both are primitive elements. The interrelationship 
among lymphocytes, monocytes, plasma cells, tissue macrophages, fibro- 
cytes, reticular cells, and endothelial cells appears to be quite a close one. 

Blood platelets: These are liny ovoid, biconvex bodies measuring only 
about 2 to 4 in diameter. Platelets are not easily observed in stained 
blood smears. They tend to stids to one another and to anything else with 
which they come in contact when blood is drawn. Careful scrutiny re- 
veals a central, more basophilic region and a peripheral, clear, hyaline 
zone ( Fig. S3 ) • Platelets are not cells but simply bits of the cytoplasm of 
certain giant cells of the bone mairow, known as megokaryoeytes. They 
play a role in the formation of blood dots, as you will learn in physiology. 
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LYMPH 

lymph is not a tissue but a fluid collected from all over the body. 
Whatever cells it contains— lymphotytes only, under healthy conditions 
—are added during its passage through the lymph nodes (Fig. 93£). 
The composition of lymph varies according to the organ in which it 
arises. Thus, lymph from the liver is unusually rich in proteins. That from 
the small intestines contains much fat during digestion. Fatty lymph is 
kno^vn as chyle. The milky appearance of this fluid has imparted the 
name lacteals to the lymph capillaries of the mesenteries. Lymph joins 
the blood stream by way of a principal and a secondar)’ channel, the 
thoracic and right IjTnphatic ducts. Darkfield examination of fresh blood, 
drawn after one has eaten a meal containing fat, reveals the presence of 
innumerable tiny particles of fat, known as chylomicrons. These were 
contributed to the blood by the lymph of the thoracic duct. 


REFERENCES 

1. Cowdr)’, E. White Blood Cells, being Chap. 1, pp. 17-39; and Red Cells 

and Other Formed Elements, being Chap. 2, pp. ^CMS, in A Textbook 
of Histology, 3d ed.; Philadelphia. Lea (t Febiger, 19-14. 

T/irw arc excellent accounts of the formed elements of the blood, easily 
read and full of functional considerations. 

2. Downe>', H. (editor), ffondboofc of Ilcmatologtji New York, Paul B, 

Hoeber, Inc., 1938. 

G/once t/iroHgh the first seven chapters. You will not have lime to master 
m«ch of the material, but yon tvill sec that the sxtbject is on interesting and 
extensive one. 

3. Ralph, P, H.; Obscrv.ations on the “NormaF Adult Human Erythroc>'le. 

Anofoniical Record, vol. 98, pp. 4B9-505, 1947. 

This is a current article on a study of fresh blood uith supravital stains and 
other techniques. It will give you a diSerent kind of picture of red blood 
corpuscles. 



56 


BLOOD 


branes lining digestive, respiratory, and urogenital passages of the body. 
Lymphocytes might well be considered primary residents of the connec- 
tive tissue instead of the blood. Their life in the circulation, where they 
just drift about, is short— not much over one day. It has been estimated 
that as many enter the circulation each day as are present in it at any 
time. Those which are lost by migration into the lumen of the digestive 
tract are counted in hundreds of millions daily. Although lymphocytes 
are not phagocytic, there is growing evidence that they can become trans- 
formed into macrophages in the tissues under certain conditions. They 
occur abundantly in regions of in6ammation. They are rather primitive 
cells. Their destruction by action of certain hypophyseal secretions has 
been observed, and this may be a source of globulin in blood plasma. 

Monocytes are less numerous than lymphocytes and are larger, measur- 
ing 12 to 15 in diameter, or even more. The larger, older monocytes have 
a characteristic structure, but the smaller, younger ones are practically 
indistinguishable from large blood lymphocytes. The cytoplasm may be 
a little less basophilic, commonly containing a few purplish-stained par- 
ticles. Tlie nucleus is eccentrically placed and is more or less deeply in- 
dented; it may be kidney- or even horseshoe-shaped in the larger mono- 
cytes (Figs. 33 and 34). 

Monocytes comprise only 2 to 6 per cent of all leucocytes in the blood 
stream. But the blood stream is not their natural habitat. They are much 
more important cells than the small number seems to signify. In the con- 
nective tissue, they become indistinguishable from tissue macrophages. 
They can become enormously distended wth tissue detritus or bacteria 
in regions of degeneration or infection. Into such regions they are mar- 
shaled more slowly than the neutrophils. 

Lymphocytes and monocytes are related to each other and to other 
connective-tissue cells. Both are primitive elements. The interrelationship 
among lymphocytes, monocytes, plasma cells, tissue macrophages, fibro- 
cytes, reticular cells, and endothelial cells appears to be quite a close one. 

Blood platelets: These are tiny ovoid, biconvex bodies measuring only 
about 2 to 4 /t in diameter. Platelets are not easily observed in stained 
blood smears. They tend to stidc to one another and to anything else with 
which they come in contact when blood is draNvn. Careful scrutiny re- 
veals a central, more basophilic region and a peripheral, clear, hyaline 
zone (Fig. 33). Platelets are not cells but simply bits of the cytoplasm of 
certain giant cells of the bone marrow, known as megakaryocytes. They 
play a role in the formation of blood dots, as you will learn in physiology. 
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FIGURE 37. Bone marrow of tlie monlcey: A. yellow marrow showing fat 
cells and an arteriole, B, red marrow. Photomicrographs, 150 X. 


crowded out the hemopoietic red marrow, leaving only a small island of 
it here and there. We may dismiss yellow marrow, for it is of little conse- 
quence compared with the red variety. M^en we speak of bone marrow. 



CHAPTER I 


Bone Marrow and Hemopoiesis 


ISone marrow may be considered as a special tissue related to both 
blood and connective tissue. It may also be thought of as a simple organ. 
Its stroma is reticular connective tissue; its parenchyma, the marrow cells 
of several kinds. 

Looking at it as an organ, you will observe that, encased in the bones, 
it is well protected and of widespread occurrence. It is one of the vital 
organs, and a large one, too, for it comprises about 5 per cent of the 
body weight. It is more than twice the size of the liver. In it are formed 
all blood corpuscles, except lymphocytes and some monocytes. Other 
functions—notably, red corpuscle destruction, bone formation and de* 
struction, and fat storage— arc of secondary importance. 


YELLOW AND RED MARROW 

Two types of bone manow are described m the adult, yellow and red, 
according to the predominance or lack of predominance of fat cells, which 
are found to some extent in all bony spaces. The two varieties are com- 
pared in Fig. 37. Red marrow is most abundant in young individuals and 
is the only type present in prenatal life During postnatal growth, the 
warmer cavities of the more centrally located bones retain more of the 
red marrow than the cooler cavities of the peripheral long bones, which 
come to be filled with yellow marrow. The proportion of the two types 
of marrow can change in the bone through fluctuation in metabolic con- 
ditions and in temperature. Yellow marrow can be made to give way to 
red experimentally by locally increasing and maintaining higher tempera- 
tines. 

The structure of yellow marrow is simple. It is mostly fat that has 
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nucleolus. These cells possess a considerable quantity of basophilic cyto- 
plasm, which stains like tliat of lymphocytes- In this respect, they are 
unlike the reticular cells from whicli they arise. Few hemocytoblasts will 
be seen, for they are only reserve cells anti do not often have to reproduce 
themselves. The cells derived from them are the ones tliat are actively 



FIGURE 38. Marrow cells of a ne%vbom kiUen: e, eiythroblasls in several 
stages of development, g, megakaryocytes, h, hemocytoblasts, m, neutro- 
philic myelocytes, m', eosinophilic myelocyte, n, normoblasts, r, reticular 
cells; t, young gnmular leucocytes. Bone marrmv smear preparnhon. 900 X . 

mitotic. It soon becomes possible to determine whether they are to give 
rise to red corpuscles or granular leucocytes. 

Origin of granulocytes' The first cells of the leucocyte line are charac- 
terized by the appearance in their cj'loplasm of a few specific granules. 
These cells are designated myelocyfes. TTiey are the most numerous cells 
of the bone marrow. The ones with neutrophilic granules outnumber 
those with eosinophilic Or basophilic granules. You will not be able to 
sec basophilic myelocytes in sections of human marrow because their 
granules are water-soluble and disappear in the technical procedure. 
Myelocytes divade mitotically to repro^cc more myelocytes of their own 
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henceforth, we shall always mean the red, hemopoietic type unless the 
other is specifically designated. 

Bone marrow is a soft and highly fluid tissue, as you would see if you 
could perform a sternal puncture. It is more solid than blood and has 
fibers in it. In fact, it has a stroma, made up largely of reticular cells and 
fibers. This is the framework of the organ. It is not easy to see in histo- 
logical sections, because it is heavily overlaid with the marrow cells of 
various kinds. It lends some support to the blood vessels that enter and 
leave the marrow, especially the very thin-walled sinusoids. 

The marrow sinusoids are wide and delicate capillary-like vessels, 
lined Nvith cells which we may simply call littoral cells. They are not 
endothelium, for they are intensely phagocytic. Littoral cells detach them- 
selves from the walls of the sinusoids with considerable ease and appear 
as free macrophages within the sinusoids. The walls of the sinusoids are 
traversed by red corpuscles and granular leucocytes which are formed 
in the loose fluid substance outside the blood vessels and sinusoids of the 
marrow. How this occurs is not entirely clear. The leucocytes, being ame- 
boid cells, can easily work their way between the cells lining the sinus- 
oids. The red corpuscles, on the other hand, are not ameboid. They sim- 
ply pass through the extraordinarily thin protoplasmic film that lines the 
sinusoid and separates the tissue fluid of the marrow spaces from the 
plasma in the sinusoids. That is how they get into the blood. 


HEMOPOIESIS IN MARROW 

The precursor cells for all blood elements, including lymphocytes, are 
so similar that authorities have never quite agreed about them. Some 
hold that they are identical; others, that the two main types of leucocytes 
come from different stem cells, Le., myeloblasts in bone marrow and 
lymphoblasts in lymphatic organs. However, if one goes far enough back 
in development, he will find that everyone agrees regarding an ancestor 
common to all, which is a mesendiymal cell in the fetus and an indiffer- 
ent connective-tissue cell in the adult. Let us begin the story with the cell 
that is derived from these and, overlooking controversial issues, consider 
the precursor of blood elements to be the hemocytoblast. The word 
means blood-cell former, so it is appropriate. 

Hemocytoblasts, illustrated in Fig. 38, are large cells, approximately 
15 fi. in diameter. They have a large open nucleus with delicate strands as 
well as a few clumps of chromatin. The nucleus contains a prominent 
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They undergo many mitotic diWsions, gaining hemoglobin each time and 
losing their basophilia. The nucleus becomes more chromatic. The cell 
decreases in size. Hematologists call the largo earl)' erythroblasts pro- 
erythroblasts. The late ones, which are smaller and letain a little 
basophilia, giving their cytoplasm a gray appearance, they designate 
po]}'chromatophil erythroblasts. Colonies of erytlwoblasts and the cells de- 



FIGURE 40. Human hone in.irro<v (s.ime preparation as Fig 39). showing a colony 
oi m>eloc)tes and >oung granuloo'tes, a megaIc.ir>'ocyle is seen at tJie lower right. 
Pliotomicrograph, 600 X • 


ris'ed from them are encountered in sections of bone marrow The chances 
are that you will not observ’e many isolated erythroblasts, but groups of 
them. 

Further mitotic divisions lead to the formation of normoblasts. These 
R>>ght logically be called erythrocj'tes,’ for they are cells with nuclei. 
They are about the size of red blood corpuscles, with acidophilic cyto- 
plasm which is filled with hemoglobin. Their nuclei are distinctly darker 
and smaller than those of their predecessors. Late normoblasts ha\'c very 
darkly stained, pyknotic nuclei (Figs. 38 and 39). They have lost the 

term is more often syTionym for red corpiKclc We do not employ it for the 
wrpiisclcs that lack nuclei 
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type. Consequently, you will see colonies of each variety in sections of 
bone marrow, like those in Fig. 40. 

A number of steps in the clevclopment of granular leucocytes may be 
observed in Fig. 38, The basophilia of the cytoplasm of the earl)' myelo- 
cyte subsides as the specific granules increase in number. The last mitotic 
divisions give rise to myelocytes that can scarcely be distinguished from 



FIGURE 39. Human bone marrow scebon, showing a colony of normoblasts and 
er>’fhrob!asts. Specimen from Prof Oaidtiin Luefce. PJiofomicrograpli, 600 X. 


young granular leucocytes. They have darkening U-shaped nuclei like 
young circulating neutrophils. Hematologists give the names promyelo- 
cyte and metamyelocyte to the early and late stages in differentiation of 
myelocytes. Ignore them if you msh, but do keep in mind the sequence 
of principal stages in formation of granular leucocytes: reticular cell-^ 
hemocytobiast myelocyte sranular leucocyte. You can easily iden- 
tify all of these. They are illustrated in Figs 38 to 40. 

Origin of red corpusdes. The stages in the development of red cor- 
puscles comprise another major category of bone marrow cells. Some 
hemocytoblasts give rise to cells with a little hemoglobin in tlieir baso- 
philic cytoplasm near the large open nucleus. It is clear that they are 
precursors of red blood corpuscles- We call them erythroblasts (Fig. 38). 



HEMOPOIESIS IN b3 

They undergo many mitotic divisions, gaining hemoglobin each time niul 
losing their basophilia. The nucleus becomes more chromatic. Tlic coll 
decreases in si^e. Hematologists call the large early crj’throblasts pro- 
crjthroblasls. The late ones, which are smaller and retain a little 
basophilia, giving their cytoplasm a gray appearance, they designate 
polychromatophil crytliroblasts. Colonics of erj’lhroblasts and the cells de- 


FIGURE 40. Human bone marrow (same prcp.ir.ition as Fig. 39), showing a colony 
of myelocytes amt young granulocytes; a mcgAk.uyocytc is seen at the louer right. 
Photomicrograph, 600 X . 

rived from them are encountered in sections of bone marrow. The chances 
are that yon will not observe many isolated erj'throblasts, but groups of 
them. 

Further mitotic divisions lead to the formation of normoblasts. These 
might logically be called erythrocytes,^ for they are cells with nuclei. 
They are about the size of red blood corpuscles, with acidophilic cyto- 
plasm which is filled with hemoglobin. Their nuclei are distinctly darker 
and smaller than those of their predecessors. Late normoblasts have very 
darkly stained, pyknotic nuclei (Figs 38 and 39). They have lost the 

term is more often a synonym for red corpuscle We do not employ it for the 
corpuscles that lack nuclei. 
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capacity to divide and are about to become red corpuscles. How they 
lose their nuclei is unknown. Perhaps the nuclei simply dissolve. Some 
believe that they become fragmented and that these fragments as well 
as whole nuclei are extruded from the normoblast cytoplasm. The re- 
maining, nonnucleated cells are erythroplastids or, better, red blood cor- 
puscles. 

When first produced in the marrow, red corpuscles may exhibit a cyto- 
plasmic reticulum when supravitally stained. These are called reticulo- 
cytes. Approximately 1 per cent of adult circulating red corpuscles are 
reticulocytes. Keep clearly in mind that a reticulocyte is a red blood cor- 
puscle, but a reticular cell is a connective-tissue cell of a primitive kind. 

To summarize, the following stages in the development of red blood 
corpuscles are identifiable in any well-stained section or smear of bone 
marrow: reticular cell hemocytoblast erylhroblost normoblast 
red blood corpuscle. 

Origin of blood platelets: The study of bone marrow would be easy, 
indeed, if the cells were as readily identified as the megakaryocyte. Aside 
from its very large size, ranging up to 40 in diameter, and its ragged out- 
line, the megakaryocyte is characterized by an irregularly lobulated and 
giant nucleus (Fig, 38). Young megakaryocytes with less complicated 
nuclei ^vill be found. They, too, arise from the hemocytoblast 

Megakaryocytes extend their cytoplasmic pseudopodia through the 
walls of the narrow sinusoids. There, it is said, they bud off and float away 
in the blood stream as blood platelets. Megakaryocyte cytoplasm is 
slightly granular, as is that of the platelets. 

Other cells of bone marrow: Other giant cells may be seen in the bone 
marrow, especially the marrow of spongy bone and that of young indi- 
viduals. These cells are the muUinucleated polykaryocytes, known also 
as osteoclasts in regions of bone growth (page 103). Osteoblasts, too, 
may be seen in these locations. The presence here and there in bone 
marrow of the ubiquitous lymphocyte should be borne in mind. This does 
not mean that the lymphocyte arises in the bone marrow. On the other 
hand, a few monocytes of local origin may be encountered. 

It is always a matter of considerable surprise in studying bone marrow 
to find that the number of cells in the granular leucocyte line is so great 
in proportion to the number in the red corpuscle line. In circulating 
blood, there are approximately 800 red corpuscles to every granular leu- 
cocyte. Why does not a similar numerical relationship exist in the bone 
marrow, where both of these elements are formed? The red corpuscles 
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form quickly and gel on out into the circulation, wliere tliey live much 
longer than leucQC}'tcs. The precursor cells of granular leucocy tes live 
longer between mitotic divisions in llie bone m.arrow, so there are nearly 
three times as many in)'e!oc)’tcs as crythroblasts. 


HEMOPOIESIS /iV LYMPHATIC TISSUE 

We shall consider the formation of uongrannlar leucocytes now. even 
though this ocairs outside of the bone marrow in lymphatic tissue, the 
structure of which will be described in Chap. 11. llcticular cells of the 
stroma of lymphatic tissue, cspccmlly in germinal centers of lymph nod- 
ules, free themselves and develop basopliilic cj'toplasm. Tlius, limy be- 
come hemocytoblasts. After this, you cannot see any diilercnce between 
them and the hcmoc)'toblasts of bone marrow. TIjcsc large cells, about 
15 fi in diameter, are not numerous. 

They div’ide into other cells which arc a little smaller, and to which it 
is reasonable to give the name lymphoblast. Some authors call them large 
lymphoc)'tes, but we shall rcscn.e that term for medium-sized and small 
cells with verv’ dark nuclei-the sizes that can circulate in the blood 
stream. Lj-mphoblasts have a somewhat <krkcr nucleus than hemoc)’to- 
blasts. It is smaller but occupies more of the cell. LvTuphoblasts can di- 
vide mitotically an indefinite number of limes, usually increasing slightly 
in size after each division. 

As size decreases and the nucleus becomes more chromatic, they be- 
come indistinguishable from lymphocyte* of the blood or connective 
tissue. Great numbers of lymphocytes enter the sm.all lymph vessels and 
are transported to the \'ascu!ar system by wa)' of the thoracic duct and 
the right lymphatic duct. 

Lymphocytes in tissues have not lost their capacity for division. The 
little ones can increase in size. You cannot tell them from lymphoblasts 
then. After attaining a certain size, they undergo mitosis. 

Under certain abnormal conditions the stem cells of lymphatic tissue 
can develop specific granules and give rise to granular leucocytes. Under 
other pathological conditions can become malignant forms. How- 
ever, in the more usual course of events, they engage in activities about 
which We kmow too little. Their capacities to respond to tlie call of in- 
flammation and to give rise to macrophages in the tissues are noteworthy. 

The monocyte appears to be no more nor less than one form of macro- 
phage, which is one of the principal cells of connective tissue. It may be 
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recognized in many places and has been described in the blood in the 
preceding chapter. It seems clear tliat monocytes can arise from the same 
cells that form the other cells of blood; perhaps also from lymphocytes 
themselves. Under the proper stimuli, they can arise from reticular and 
otlier primitive cells in such places as the spleen, liver, and bone marrow. 
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Connective Tissue 


C ... 

'-connective tissue is quite uuliko either of the tissues you have studied 
It has only a small proportion of cells, am! its tissue fluid constituent js 
commonly overlooked by tlio histologist. It is tljc interstitial matrix sub* 
stancjc and especially the fibers in the matrh that characterize connective 
tissue. 

The matrix starts out as fluid in tlic cmbr)’o. As development takes 
place, chemical compounds that arc added to it begin to give it a con* 
sistency. In some regions of the adult, this amounts to no more than a 
barely perceptible viscosity, but elsewhere, c.g., in cartilage and bone, 
the matrix becomes solid. Fibers arc ftKva)'s included in the matrix sub* 
stance, although they are less noticeable in cartilage and bone than other 
'arieties of connective tissue. There are several kinds, and they are ar- 
ranged in various ways, imparting individual characteristics to the varie- 
ties of connective tissue. 

As the name implies, connective tissue serves to connect one part of 
the body with another. Most Iiistologists recognize two main groups. One 
connects and keeps the various components of the bod}’ from falling 
apart The other supports the softer parts and keeps the organism from 
collapsing like a beached jellyfish. Some neglect to mention that an 
equally Important function of connective tissue is to separate one group 
o cells from another, spacing them so that they may function to belter 
advantage. 

Connective tissue proper, when encountered in the dissecting labora- 
tory, is called foscia. It is the stufBng, padding material underneath the 
^ f!*' muscles, and along the nerves and blood vessels. In 

o er words, it is the material, removal of which occupies so much of 

e young anatomist's time. Too often, he is permitted to think of it as 
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something with little more than nuisance value, when, in truth, it is one 
of the most important constituents of the body. Its role in the healing of 
wounds and in the defense reaction is of major importance. Furthermore, 
through its interstitial fluid pass most of the metabolic substances to and 
from the working cells of the body. 


EMBRYONIC CONNECTIVE TISSUE 

The source of all connective-tissue cells is mesenchyme, the highly cel- 
lular tissue that fills spaces between epithelial layers in young embryos. 
This kind of connective tissue consists of branched, irregularly shaped 
cells forming a meshwork, the spaces of which are filled with interstitial 
fluid. Mesenchymal cells are illustrated in Fig. 41. The extended processes 
of the cells seem to be condnuous with those of adjacent cells, but actu- 
ally they make contact only. A true syncytium is not formed. 

This embryonic connective tissue does not persist long, but some adult 
tissues resemble it, notably the reticular connective tissue. It is probable 
that a few widely dispersed cells with all the potenHalities of mesen- 
chymal cells exist throughout life. They offer a source of replacement for 
connective tissue and blood elements. Because of their resemblance in 
sections to other cells of adult connective tissue, it is impossible to recog- 
nize these indifferent cells. 

CHARACTERISTICS OF CONNECTIVE TISSUE PROPER 

Connective tissue proper, e.xcluding cartilage and bone, forms the sub- 
ject of the present chapter. In varying proportions, the three constituents 
—cells, fibers, and interstitial substance— are found in all varieties. The 
cells of greatest significance fall into two principal groups: those asso- 
ciated with fiber formation and the repair of wounds and those function- 
ing in the defense reaction of the body. A few other cells deserve honor- 
able mention, but we shall consider them later. Three types of fibers are 
encountered in connective tissue. They are the most prominent com- 
ponents. 

Connective-tissue fibers: Associated with the cells of reticular connec- 
tive tissue ( Figs. 42 and 51 ), and more rarely encountered elsewhere, are 
the reticular fibers. With special stains, they can be seen in the walls of 
blood vessels and around closely packed fat cells (Figs. 43 and 58). They 
are delicate structures staining intensely with certain silver methods. For 
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that reason, they are often called orgyrophllic fibers. Tliey differ chemi* 
cally from other fibers in connective tissue, although they arc closely re- 
lated to collagenous fibers and merge with them in some places, as shown 
in Fig. 43. More about them later (page 79). 

The fibers predominating in fibrous connective tissue arc knowm as 
ccllagenous because tliey yield colhagen, a form of gelatin, after pro- 



longed boiling. Glue is made from them. Tliese fibers are made up of 
many fine fibrils that do not branch, although (he fibers that they form 
do branch. In the fresh state, the tissue containing them appears white. 
Consequently, the collagenous fibers are commonly called while fibers, 
and the tissue in which they abound is white fibrous connective tissue. 
They resist stretching and impart strength to structures composed of 
connective tissue. They arc the fibers of ligaments and tendons, 

A third type of fiber in connective tissue, the elastic fiber, differs chemi- 
cally from the preceding two. Elastic fibers in sufficient mass have a 
yellowish color and arc then called yellow fibers. They occur as iso- 
lated branching threads among collagenous fibers in loose connective 
tissue, also as plates or membranes in arteries. The great ligament of the 
neck of grazing animals is made of enlarged elastic fibers. Special stains 
are required to differentiate clastic from other fibers. Figure 52 shows 
them beneath the epitlielium of the tongue. 
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something with little more than nuisance value, when, in truth, it is one 
of the most important constituents of the body. Its role in the healing of 
wounds and in the defense reaction is of major importance. Furthermore, 
through its interstitial fluid pass most of the metabolic substances to and 
from the working cells of the body. 


EMBRYONIC CONNECTIVE TISSUE 

The source of all connective-tissite cells is mesenehyme, the highly cel- 
lular tissue that fills spaces between epithelial layers in young embryos. 
This kind of connective tissue consists of branched, irregularly shaped 
cells forming a meshwork, the spaces of which are filled with interstitial 
fluid. Mesenchymal cells are illustrated in Fig. 41. The extended processes 
of the cells seem to be continuous \vith those of adjacent cells, but actu- 
ally they make contact only. A true syncytium is not formed. 

This embryonic connective tissue does not persist long, but some adult 
tissues resemble it, notably the reticular connective tissue. It is probable 
that a few widely dispersed cells with all the potentialities of mesen- 
chymal cells exist throughout life. They offer a source of replacement for 
connective tissue and blood elements. Because of their resemblance in 
sections to other cells of adult connective tissue, it is impossible to recog- 
nize these indifferent cells. 

CHARACTERISTICS OF CONNECTIVE TISSUE PROPER 

Connective tissue proper, excluding cartilage and bone, forms the sub- 
ject of the present chapter. In varying proportions, the three constituents 
—cells, fibers, and interstitial substance— are found in all varieties. The 
cells of greatest significance fall into t\vo principal groups: those asso- 
ciated with fiber formation and the repair of wounds and those function- 
ing in the defense reaction of the body. A few other cells deserve honor- 
able mention, but we shall consider them later. Three types of fibers are 
encountered in connective tissue. They are the most prominent com- 
ponents. 

Connective-tissue fibers: Associated with the cells of reticular connec- 
tive tissue (Figs. 42 and 51), and more rarely encountered elsewhere, are 
the reticular fibers. With special stains, diey can be seen in the walls of 
blood vessels and around closely padeed fat cells (Figs. 43 and 58). They 
are delicate structures staining intensely with certain silver methods. For 
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C is restored to the diet. The fibroblasts and their intracellular fibroglia 
fibrils appear to be nnafTcclcd, and it is not clear tlmt tliey engage di- 
rectly in the production of the new collagenous fibers, beyond this we 
can say very little at present. Figure 44 illustrates llie appearance of 
young collagenous fibers in a fetus. 

The formation of reticular fibers may be similar to that of the col- 



FIGURE 43. Reticular fibers in the wall of an artcr»oIe. Note their 
connection with the colhtgcnous fibers of the tunica adventitia. Sil- 
ver carbonate stain. 900 X • 


lagenous fibers. Reticular fibers are continuous with, and can become, 
collagenous; tlierefore, they may be considered immature forms of the 
latter. Nothing is known about elastic fiber formation. 

Interstiiial matrix and fluid; The intercellular substance of connective 
tissue proper consists of tissue fluid and some very inconspicuous jelly- 
like material, somewhat resembling the intercellular cement of epithe- 
li'ai cells. Tiris matrix binds the collagenous fibrils together in fibers. It is 
deficient elsewhere in the connective tissue of the adult, leaving only 
fluid-filled spaces. In the young individual, it seems to be continuous 
throughout the connecli^’e tissue >\'harton’s jelly of the umbilical cord is 
formed largely by this matrix. In carblage and bone, matrix becomes the 
main component and is solidified. 

The interstitial substance of connective tissue is of great functional 
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Tlie cells associated with the formation of collagenous fibers have 
been called fibroblasts in the belief that they produce the fibers. To be 
sure, certain fine fibrogllo fibrils can be observed in their cytoplasm when 
appropriate staining methods are used. However, the functional fibers of 



FIGURE 42 Reticulum of a Ij-mph node, adult cat ( lymphocytes have been 
washed away) c, reticular cells, fibroblast nuclei in trabeculum of col- 
lagenous fibers, f, lymphocyte; m, macrophages; r, rebcular fibers. 900 X . 


connective tissue arise outside of cell bodies in the intercellular matrix 
substance. Some evidence sviggests that cytoplasmic substance, extruded 
from the surface of the fibroblast, engages in the process of fiber pro- 
duction. * J T 

The formation of collagenous fibers ceases when animals are deprived 
of vitamin C until they become scorbutic. It begins again when vitamin 
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pMr the damage. In a sense, they resume the life they led during embry- 
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significance. A considerable part of the body water e.-cists tlicre. Tlirougii 
it must pass, beh\'cen blood and cells, the mitriti\’e anti metabolic mate- 
rial^. Anyone who lias liad experience with the subcutaneous injection of 
drugs will realize the promptness.with which materials in the interstitial 
substance reach the blood stream and brain. 

Comwctice-iissue ccUs: Tlie cells of connective tissues are relative!)' 



figure 44, Young collagenous fibers and fibrobl.isfs In 1176 jaw 
of a 7*n7onili human fetus. 900 X . 

few and inconspicuous. During most of the time, they have little to do 
and simply lie in wait to piove their importance. 

Fibroblosts, seen in Figs. 44 and 45, closely resemble mesenchymal 
cells, from which they are descended. They occur stretched out among 
fibers of connective tissue and with their processes often clasping the 
fibers, These processes are well shown with certain silver stains (Fig. 46). 
Their cytoplasm is usually difficult to see witli ordinary staining methods. 
Tliey can be recognized by their nuclei, which are slightly elongated, 
contain little chromatin, and are stained lightly with hematoxylin. The 
nuclei resemble those of endothelial cells but do not look like the other 
connective-tissue cel) nuclei. 

The function of fibroblasts has been discussed (page 70). Just how’ 
they form fibers, we do not know. Tissue injury apparently releases sub- 
stances that stimulate fibroblasts to become more active. They then can 
undergo multiplication and engage in the formation of scar tissue to re- 
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microglia. Regardless of name or location, these phagocytic cells arc 
similar. Examples of macrophages showing activity appear in Fig. 47. 

Most, but not all, of the cndolhelial-likc cells lining the sinuses of bone 
marrow and lymphatic organs, and many among the reticular cells of 



FIGURE 47 rhagoc;>’l<Kis by macrophages : A, leuco- 
c>tcs present m the cytoplasm of lymph-notle macro- 
phages of the cat, B, retl Wood corpuscles and blood pig- 
ment m tlie eyfophrsm of liver m.ictopliagcs in human 
m.ihma, C, carbon and silica p.uliclcs m the cytoplasm 
of hmg macrophages of a monfccv, one has engulfed an- 
other degenerating carbon-laden phagocyte, D, nmltinu- 
cleated macropiiage or foreign-body cell, from vaginal 
smear of a guinea pig Preparation by Dr G N. Papani- 
colaou. 1200 X. 

myeloid and lymphatic tissue, are strongly phagocytic. TIrey, too, are 
macrophages. These endothelial-likc cells and reticular cells are often 
spoken of as reticuloendothelial cells. There is little reason to continue to 
grace them with this specific name. They are macrophages, like all the 
rest. 

The Origin of macrophages is of some importance. There is sometimes 
great and sudden need for large numbers of these elements in the defense 
of the body. Some may arise by mitotic division of existing macrophages. 
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tions, you will see little of the <yloplasm. It extends out in processes 
among the fibers of healthy connective tissue, but when there is a call to 
activity, as in inflammation, the processes are pulled in and the macro- 
phages appear as ovoid cells. It is customary to speak of fixed (i.e,, 
anchored) macrophages and free macrophages. Vacuoles and phagocy- 
tized materials may be seen in their t^oplasm in Figs. 42 and 45. Macro- 



FIGURE 40. Fibroblasts and collagenous fibers in a dog s tongue. Silver 
stain. 900 X . 


phages are just about as numerous as fibroblasts in most loose connec- 
tive tissue. 

The macrophage has been called by more names than any other cell 
in the body. Many histologists designated it histiocyte, which is too vague 
because the term means “tissue cell.” Other names that we do not intend 
to employ are clasmatocyte, resting-wandering cell, adventitial cell, 
rhagiocrine cell, endothelial leucof^te, and polyblast. They are all one 
and the same. 

In various regions, macrophages have been given special names. In 
lymphatic organs and bone marrow, some are called littoral cells; in 
spleen they are splenocytes; in liver, KupfFer cells; in the lung alveoli, 
dust cells, in the blood, monocytes; and in the brain and spinal cord. 
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colls, fibroblasts and macrophages, it is recommended that limc-lapso mo- 
tion pictures be demonstrated.* A much better conception of these cells 
will he gained in this way than by studying fixed and stained preparations 
of connective tissue. 

A number of other cells arc encouutercd in loose connective tissue, 
some in greater numbers iu one place tlian in another. In ordinary liis- 



FIGURE 49. ^tast eclh In the capuilc of n Iniinnn p-ila- 
tine tonsil One 1> inpliocyU* .iml tlirec fihrohl.ists ni.\y l>e 
Seen blit .uc N cry liKlitly st.'iliutl 1200 X 


tological preparations, you will oltcu ohseive lymphocytes. They come 
from the blood but are to be found almost everywhere. They arc the 
smallest cells in connective tissue. Where they become very numerous 
among reticular cells, they form lymphatic tissue (page 155). 

A somewhat similar cell, and one that may represent a stage in the 
degeneration of the lymphocyte, is the plasma cell. Its nucleus resembles 
the lymphocyte nucleus and has blocks of chromatin that give it an ir- 
regularly checkered appearance. The basophilic cytoplasm is more plen- 
tiful than that of the lymphocyte and may display a washed-ont area 
near the nucleus. Figure 48 illustrates plasma cells, lymphocytes, and 
fibroblasts. 

Eosinophils are encountered in connective tissue, especially beneath 
the mucous membrane of digestive and respiratory tracts. Tliey, too, 
wander m from the blood. 

Mast cells will not be seen in routine preparations because the large 
basophilic cytoplasmic granules that characterize them are water-soluble 
1 See Visual Aids 1, 3, and 7. 
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Others, as we have said, may come from monocytes and these in turn 
from l)Tnphoc)-tes. Some may arise from indifferent, essentially mesen- 
chymal cells scattered through loose connective tissue. One of the most 
important sources of macrophages seems to be lymphocjies. In regions 
of inflammation, l)Tnphocytes swarm out of the capillaries, and soon the 
surrounding tissue becomes filled with macrophages. 



FIGURE -IS. Plasma cells and one l>inphoc>1e, /, in the lamina propria of a 
cat’s small intestine. Elongated nuclei belong to fibroblasts. 1200 X. 


As was pointed out in Chap. 4, monocj’tes and macrophages are called 
into action more slowly than are the other phagocytic cells, the neutro- 
phils of tlie blood. Neutrophils get to the scene first and engage the 
enemy, slaughtering Iiim left and right Macrophages come in later and 
mop up. ’They stop at nothing. WTien a macrophage encounters a foreign 
particle too big for it to handle alone, it joins forces \rith other macro- 
phages to form a giant macrophage, like that illustrated in Fig. 47D. Such 
cells are called foreign-body cells. This is a term that refers to nothing 
more than a multinucleated macrophage. 

Although macrophages in loose connective tissue and in the brain seem 
not to have much to do during normal healthy conditions, those in a few 
locations are kept > eiy busy phageej-tizing the products of physiological 
det^eneration. To the macrophages of the bone marrow, liver, and spleen 
falls the task of disposing of worn-out blood corpuscles and fragments of 
corpuscles. It is remarkable that they never attack healthy cells but only 
tliose whose functional lives are spent 

For the study of the movements of tlie two principal connective-tissue 
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Tiie appearance and characteristics of connective tissue vary consider- 
ably in different locations. It is possible to classify this tissue according 



FIGURE 51 Reticulum of a splenic nodule, c, reticular fibers in cross section, 
/, lymphocytes, m, macrophage, r, leticuW cell. Silver carbonate stain. 900 X 


to fiber type and density and, to a lesser extent, according to its cellular 
organization. 

Rcficuiar tissue: One of the tissues in whicli argyrophilic reticular fibers 






78 


CONNECTIVE TISSUE 


and are washed out in preparing the tissues. Jt is uncertain whether they 
are idcntiial with the basophils of Wood. Figure 49 illustrates a group 
of them. 

Specialized cells of several kinds may be found in connective tissue. 
Pigment cells commonly occur in the iris and chorioid of the eye, in vari- 
ous other locations, and beneath the epidermis of dark-skinned races. 
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FIGUnE 50. Pigmented cells In tl»e stroma of tlie Iris of o rabbit’s eye. 900 X . 


Some are shown in Fig. 50. Fa» cells are encountered in the connective 
tissue of many localities. Since their presence in considerable numbers 
gives rise to a special \Mriety of connective tissue, they will be considered 
separately {page 85). 

The presence in connective tissue of indifferent tells, related to cells 
of mesenchyme, should be borne in mind. Although these cannot be 
readily differentiated from other cells, they are important and serve as 
replenishers of all t)'pes of connective tissue and related cells. 

In summarizing the general characteristics of connective tissue proper, 
the following points should be stressed; Cells are few and fibers numer- 
ous. Intercellular substance is of great importance, but relatively incon* 
spicuous. Fibers are of three types, although the collagenous are by far 
the most numerous and important. A few elastic fibers intermingle with 
these but are especially prominent in artery walls. Reticular fibers are 
encountered in restricted localities. Cells of connective tissue are princi- 
pally fibroblasts and macrophages; indifferent cells are present among 
them; most others are just occasional visitors from the blood. Interstitial 
substance is tissue fluid, with a little jelly-like matrix: sticking fibrils to- 
gether. 
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FIGURE 52. Elastic fiber network in the lamina propria of the lingual mu- 
cous membrane of a rabbit Stained for elastic fibers 000 X 


thelial tissue of the tongue. Tlie cells are mainly of the fibroblast type, 
although macrophages can be found Other varieties are larely seen. 
Fibrous connective tissue forming tiie corium of the skin is dense (Fig*. 
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predominate in place of coarser collagenous fibers is retieular connective 
tissue. They arrange themselves in delicate lattice-like frameworks, which 
serve to support such cells as lymphoi^tcs and fluid-borne colonies of 
liemopoietic cells. Tlie arrangement of arg)Tophilic fibers, reticular cells, 
and lymphocytes is shown in Fig. 51 (see also Fig. 42). 

Reticular tissue is found in other places than the bone marrow and 
lympljatic organs. It may be seen in the basement membranes of epi- 
thelium, in compact fat, in a loose layer beneath mucous membranes of 
digestive and respiratory passages, in some of the endocrine organs, and 
in the walls of blood vessels. 

\\^}ien the lymphocytes of a lymph node arc washed away, the cells 
of reticular tissue present a primitive appearance like those of mesen- 
chyme. Tlieir processes extend out along the reticular fibers. In some 
places, reticular cells line blood and lymph sinuses and resemble endo- 
thelium. Some serve only as lining cells or supporting cells, but many 
have developed phagocytic characteristics and have become macrophages. 
Thus, there are /jonphagotytic cells associated witli reticular fibers, not 
unlike the fibroblasts of collagenous fibers; and there are phagocytic cells, 
indistinguishable from other m.acrophagcs, in this rather simple form of 
connective tissue. 

Loose fibrous connective tissue: Loose fibrous connective tissue is usu- 
ally called areolar tissue. It may be considered the prototype of all con- 
nective tissue. In it are a few clastic fibers, but the collagenous fibers 
abound. Tlie fibers are arranged in no particular pattern. T}iey run in 
all directions and form a loose meshwork full of tissue fluid spaces. '' 

Areolar tissue is the most widely distributed connective tissue. It ac- 
companies the blood vessels and nerves, which go almost everywhere. 
It e.vtends in and out among the components of most organs, glands, and 
muscles. It is found beneath most mucous and serous membranes. A de- 
scription of its components would only duplicate the general description 
of fibers, intercellular substance, and cells of connective tissue in general, 
which has been presented in this chapter. Figure 45 illustrates the ap- 
pearance of a spread preparation of areolar tissue. You will find it profit- 
able to attempt to duplicate it, using the subcutaneous tissue of any 
small animal for this purpose. 

Dense fibrous connective tissue: In many places, the collagenous fibers 
of connectii'e tissue increase in size and number and tend to crowd out 
the tissue fluid and cells. The role of elastic fibers in dense connective 
tissue is usually quite secondary. Figure 52 shows them in the subepi- 
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corn membrane of a rabbit Stained for elastic tAms 900 X . 

tKdial tissue of the tongue. Tlje cells are mainly of the fibroblast Wpe> 
a t ougb macrophages can be found Other varieties are rarely seen, 
ibrous connective tissue forming the coriuin of the shin is dense (Fig. 
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53). The fibrotis capsules of some organs, such as the spleen and testicle, 
are good examples of this tissue. Some rather heavy membranes like the 
dura mater of tlie brain (Fig. 1*19), the periosteum of bone, and peri- 
neurium surrounding bundles of nerve fibers are similarly composed. Tlie 
heart valves and t he r ings of the cardiac orifices likewise are constructed 
of dense fibrous connective tissue. 



FIGURE 54 Bows of ten<3on*ceJI nuclei in a longitudinal section of tendon. 
Less compact connectne tissue of the peritendineum with blood vessels is seen 
at the left Photomicrograph, 600 X- 


The gradation from areolar tissue to dense fibrous connective tissue is 
gradual. The two types are not distinctly differentiated from each other. 

A special kind of dense fibrous connective tissue occurs in the cornea 
of the eye, where transparency has been attained. The stroma of the 
ovary is made up of another special variety, in which cells are extraor- 
dinarily numerous. In other locations, collagenous fibers are lamellated, 
as in some of the sensory nerve endings. Great density of fibers and or- 
derly arrangement of them will be seen in ligaments, aponeuroses, and 
tendons. 



coN'NEcnvi: tissue 



FIGURE 55 Tendon in cross section, showing cells with wng-shaped projec- 
hons Note the pentcndinal septa Photomicrograph, 600 X . 


jections of the tendon cells. These cells, related to fibroblasts, form longi- 
tudinal rows as indicated in Fig. 54. They are compressed by the sur- 
rounding tendon fiber bundles so tliat they resemble thin rods in profile 
view but are stellate in cross section. Figure 55 is a photomicrograph 
showing this arrangement 

Tendons are ensheathed by dense fibrous connective tissue of the less 
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specialized type. Septa, as seen in Fig. 54, subdivide tendons. Tlie slioaths 
and septa of tendons arc continuous wtU tbe sbeatUs and septa of mus- 
cles at the myotcndinal junctions. Blood vessels ajid nerves traverse them 
to entei the tendon. However, the blood supply of tendons is not rich, 
and healing is accomplished slowly after injury. 



FIGURE 56 Development of adipose tissue in two regions, A and B, in the 
larynx of a newborn kitten c, Wootl capdUries. f, fibroblast miolci, s, signet 
fat cell 900 X . 

Aponeuroses and ligaments are constructed hke tendons but are of 
different shapes, and their fibers are less compactly arranged. 

Adipose tissue. Cells containing large amounts of fat in the cytoplasm 
are found in connective tissue almost everywhere throughout the body. In 
many localities, they are so closely packed that the tissue appears to be 
composed exclusively of these elements There they are suspended in a 
meshwork of fine collagenous and reticular fibers and have a rich vascular 
supply. The resulting aggregation is called adipose tissue. , 

Strands of adipose tissue accompanying blood vessels can be studied 
to advantage in the fresh condition In a mesentery of the intestine of any 
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small animal, fat cells look like large oil drops. Supravital staining will 
reveal the nuclei of some of them. Tlie cytoplasm extends as a thin film 
around each drop. 

Tlie structure of fat may be understood belter by following its develop- 
ment (Fig. 56). Development is not confined to prenatal life. It is apt to 
vex us in middle age. In the fetus, groups of mesenchymal cells withdraw 
their processes to become ovoid in shape in regions where capillary ves- 
sels abound. Soon, small droplets of fat appear in the cytoplasm, merging 



FIGURE 58 Adipose tisnie of a dog, showing reticular fibers— tlie 
fine black linos— around fat cells. SiKcr carlwnale slain SOO X. 


into larger droplets until a single big drop almost fills the cell. Tins dis- 
places the nucleus to the periphery and stretches the cytoplasm into a 
thin tjembrane. Cells of this kind represent the final stage in develop- 
ment. When sectioned through the nucleus, they are called signet cells. 
In the mesentery, stained whole, they appear as in Fig. 574; with osmic 
acid, in 57B; in a section, in 57C. 

Fat is removed from adipose tissue by alcohol and other solvents used 
in making histological preparations. Consequently, sections reveal only 
large empty spaces where the fat used to be. Fat cells are so large and 
the histological sections so thin that fat-cell nuclei are rarely included 
in sectional view (Fig. 58). Such a preparation of compact adipose tissue 
may look like an empty sponge and bear little resemblance to the adipose 
tissue of a living animal (Fig. 57A). 

Not only does adipose tissue provide a store of fat for reserve energy 
and metabolism, by accumulabng in layers beneath the skin, it forms 
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an excellent insulation against heat loss and a very adequate lighhveight 
padding material. It should not be lliought of as a depot for dead storage 
of fat, to be used by the body only at some time in the distant future. 
There is a continuous and rapid turnover in storage and utilization of 
this material. The rich capillary blood supply of fat plays an important 
part in this. 

It is known that fat is stored more promptly in the subcutaneous tis- 
sue and the omentum than in other localities. Connective tissue in the 
eyelids and scrotum never stores fat. During starvation, some connective 
tissue gives up fat more readily than others. The acquisition and elimina- 
tion of fat from connective tissue are regulated in a precise manner by 
hormones from a number of the endocrine glands, especially the hy- 
pophysis and the thyroid. 

During the early years of life, some adipose tissue, notably that in the 
posterior body wall near the kidneys, is made up of cells whose fat drop- 
lets do not flow togetlier to comprise typical fat cells. The high degree 
of vascularity gives this cellular adipose tissue a brown tint, called brown 
fat. Similar tissue is encountered in certain hibernating animals. 
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Cartilage^ Bone^ and Joints 


Cartilnge and bone are closely related to fibrous connective tissue. They 
ate composed of the same three elements: fibers, cells, and interstitial 
substance. They form tlie skeleton and arc often classified together as 
supporting tissue. The importance of cartilage and bones, especially the 
latter, goes bej'ond stnictural support Their role in mineral metabolism 
is particularly noteworthy. 


CAKTlLAGt 

Curtilage or gristle has specialized in the direction of rigidity, yet re* 
tains some flexibility and resilienc)’. Cartilage foims the skeleton of the 
lower vertebrate animals as well as that of mammalian fetuses. It has been 
replaced largely with bone and plays only a minor role in the adult It is 
one of the least useful constituents of the adnlt body but was indispensa- 
ble m the young for successful bone growth. 

Cartilage is simpler than fibrous connective tissue and differs in sev- 
eral respects. The cells are all of one kind, called chondrocytes. Tlie 
interstitial substance is filled with a substantial visible matri.x. Tlie col- 
lagenous fibers embedded in the matrix are usually invisible. In contrast 
with areolar tissue, which contains much of the capillary bed, cartilage is 
avascular. It lacks lymphatic vessels and nerv'es. Tlie dense fibrous con- 
nective tissue, forming perichondrium immediately surrounding cartilage 
everywhere except on articular surfaces, contains the vessels that supply 
Oxygen and nourishment for its cells. 

The principal form of cartilage is called hyaline, for its glassy appear- 
ance Nearly all bones except the flat bones of the skull aie at first cast 
ill this material. How they become reconstructed and assume their per- 
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manent characteristics will be described in the latter part of this chapter. 
In the adult, only the articular surfaces of bones and the ends of the ribs 



FIGURE 50. Developing J>yaline caxbbge from the 
nose of a cat fetus. Young chondrohlasts ate shown in 
the upper pact of the illustration. 1200 X . 



FIGURE 60. Hyaline cartilage from a rib of a mon- 
key, sliowing the Sbnllar structure of its matrk. 1200 X . 


(costal cartilages) remain cartilaginous. Hyaline cartilage likewise forms 
part of the nose, larynx, trachea, and bronchi of the adult. With advanc- 
ing age, even some of these few cartilages tend to become calcified or 
ossified (Fig. 230), and their collagenous fibers become more prominent. 
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One of tlie earliest signs of aging is said to be transformation of hyaline 
cartilage into fibrous cartilage. 

Cartilage develops from mesenchyme like other connective tissue. The 
mesenchymal cells multiply rapidly* withdraw their processes, and be- 
come crowded into masses, known as centers of chondrification. The more 



FIGURE 61 Hyahne cartilage in the femoral epiphysis of a 
puppy, shoiving chondrocytes shrunken away from iJicir c.ip- 
sules. 1200 X • 


centrally placed cells increase in size, and vacuoles begin to appear in 
their cytoplasm At this early stage, they form preeartllage, like the upper 
cells of Fig. 59. Interstitial matrix substance appears, at first staining with 
eosin; later, becoming dense and basophilic, it takes on its characteristic 
blue color with hematoxylin. 

The collagenous fibers of hyaline cartilage cannot ordinarily be seen 
because they have a refractive index identical u’lth that of the matrix 
in which they are embedded. Special techniques do show them, as illus- 
trated in Fig 60. They are just as much a component of hyaline cartilage 
as of the other varieties. As the result of production of a compact matrix, 
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the cartilage celis become lodged m separate compartments known as 
lacunae (Fig. 61). The walls of lacunae of adult cartilage are more 
liighly refractive than the surrounding matrix, stain intensely with basic 
dyes, and are said to form capsules. In tlie living condition, cartilage cells 



driuin (above), young diondrocytcs, and oI<ferchon{liDcytcs in groups GOO X* 

completely fill the lacunae, but in fixed and stained preparations you 
often see them shrunken away from the walls (Fig. 61). 

Cartilage cells of the adult are not e^'enly scattered in the matrix, as 
they are in the fetus or tlie young individual. They tend to form groups 
arising through the repeated division of a single cartilage cell. Endog- 
enous growth of cartilage occurs in this way. Exogenous or appositional 
growth takes place at the periphery of adult cartilage, where new cells 
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are added by multiplication and transformation of the cells of the pen* 
chondrium. Figure 62 shows the gradual transition from fibroblasts or 
primitive indifferent cells to cartilage. Recently divided cells of crescentic 
shape separated by a thin film of h)'alme matrix arc often observed in 
actively growing cartilage. 

Tliin slices of fresh cartilage demonstrate the general arrangement of 
cells. Razor-thin sections can be examined in saline solution either with- 



FIGURE 63 Junction of a tendon (left) with an articular cartilage (riglit) on 
tlie humerus of n kitten, showing a form of fibrous c.iTtilage in the middle transi- 
tional zone COO X 


Out staining or after supravital staining. Fresh cartilage cells contain fat 
droplets and glycogen granules. The presence of these substances is evi- 
dence that cartilage cells are not starving, even though imprisoned in 
their lacunae. Since cartilage is not supplied with capillaries, the fat and 
glycogen, together with oxygen and other substances in solution, must 
filter through the interstitial matrix to reach the cells. Tliis occurs in ex- 
actly the same manner as in the fluid-filled interstitial spaces of areolar 
tissue. 

The large masses of cartilage at the ends of long bones of the very 
young prove too much for such filtration processes Tliere, cartilage canals 
made up of fibrous connective tissue containing blood vessels may e.xtend 
into the matrix to facilitate the penetration of metabolic materials 

Besides hyaline cartilage, there are two other varieties of lesser promi- 
nence. One IS fibrous cartilage, which is actually a transitional form be- 
tween hyaline cartilage and dense fibrous connective tissue of tendons 
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and ligaments. Its cells tend to line up in rows separated from each other 
by thick bundles of collagenous fibers (Fig. 63). The cells are usually 
spheroidal and are enclosed in capsules jjepresenting a condensation of 
the poorly developed hyaline matrix. 

Fibrous cartilage in youth appears in the intervertebral discs and 
symphysis pubis, where a good many ligamentous bands are required to 



FIGURE 64. (Elastic cardlage'from a pig's ear, showing groups 
of hyaline cartilage cells and lacunae isolated by regions of con- 
nective tissue Stained for elastic fibers. 600 X. 


unite the bones. Later it may be seen in tendons at their junction with 
bones and at places where tendons are subject to friction. 

Elastic fibers may be added to the interstitial substance to form elastic 
cartilage. As in the fibrous variety, capsules of hyaline matrix and groups 
of cells are isolated by extensive fiber deposition. Besides the elastic net- 
work, collagenous fibers are present although inconspicuous. This va- 
riety, the least common one, occurs in the auricle of the ear, external 
auditory meatus, auditory tube, epiglottis, and in several minor cartilages 
of the larynx. It is illustrated in Fig. 64, 

A small body of tissue bearing slight resemblance to degenerating car- 
tilage is found in the center of the intervertebral disc, forming the nucleus 
pulposus. Its position corresponds to that of the notochord of the em- 
bryo but it is probably not actually dev’eloped from that minute struc- 
ture. Tumors resembling nucleus pulposus sometimes protrude into the 
vertebral canal and exert pressure upon the spinal cord. 
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BONE 


Bone forms the skeleton of the body and is rarely found elsewliere. 
Its occurrence in certaiji tendons as nodules, the sesamoid bones, might 
be mentioned.* Its role in tlic constructioji of t)>e skeleton is equaled or 



FICUHE 83 Bone Irabeculnm from a nc«'I» liafclicd cJiick, showing its fibriilar 
structure Siher carbonate stain. 


surpassed by the part it plays in storing calcium. More than 99 per cent 
of this essential element is found in the skeleton. You will need to revise 
any conception of bone you have gamed by studying dry skeletons. Bone 
is fully as vital a tissue as blood. 

Bone resembles cartilage in some respects. It, too, is a connective tissue 
made up of cells, interstitial matme, and fibers. The matrix is most promi- 
nent, differing from that of cartilage by its heavy concentration of min- 

^ Other e\cepfions are the bone m the intenentncuiar septum of the heart in large 
unguJjtej and the os penis in a number of mammals. 


<i:i> 
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figure 66 Bone tralwculuni of a butnan femur, shomng can- 
aL'culi, c, and osteocytes m lacunae, 1 . 1200 X , 



BONE 


97 


cral salts. As in hyaline cartilage, collagenous fibcjs form a strengthening 
framework, invisible in preparations by usual methods, but clearly showm 
in Fig. 65. Spaces called lacunae are occupied in life by osfeocytes. 
These bone cells are not spheroidal like chondrocytes but extend many 
branching processes out into the matrix: as illustrated in Fig. 66. 

In most places, bone is closely invested by a dense fibrous connective- 
tissue sheath, the periosteum, which sen es as a source of new bone cells 
for normal growth and repair. Along extensions of this connective tissue 
into bone canals courses a rich vascular supply. 

Bone is constantly changing. You are aware of its growtlr throughout 
the early years of life, a phase that will be dealt with to some extent later 
in this chapter. Perhaps you do not realize that it undergoes atrophy with 
disuse and that hypertrophic bone changes occur with increased demand 
for support. Considerable molding can be effected surgically. The re- 
markable repair of seemingly hopelessly mangled bones attests to this, 
Its internal structure can undergo great modification, scarcely perceptible 
from the surface. As much as CO per cent or more of the dry weight of 
bone is inorganic material, principally calcium phosphate.® Tlie inorganic 
salts are not permanently bound in bone— far from it. When compounds 
containing radioactive calcium or phosphorus arc administered to ani- 
mals, radioacHvit)' can be demonstrated In their bones within a few hours. 
E.\penments of this type have shown that about one-third of the phos- 
phorus in the skeleton of an adult rat is removed in tliree weeks. There 
is a continuous turnover of the inorganic constituents of bone, which are 
completely removed and replaced many times during life. Just as sodium 
and chlorine are banked in the interstitial fluid and matrix of fibrous 
connective tissue, so calcium and pliospltorus arc banked in the inter- 
stitial fluid and matrix of bone- 

Living bone is not satisfactorily observed microscopically in the class- 
room, although it has been studied in tissue culture and in transplants 
into the anterior chamber of the eye. Tlie student must content himself 
with stained sections cut from fixed decalcified bone and with liny pieces 
of dry bone ground and polished until translucent. The latter type of 
preparation is highly instructive, although it goes without saying that 
cytological details are lacking. 

In approaching the study of bone, it is vx'cll to start with a gross longi- 
tudinal section tlirongh the human femur. This will disclose the presence 
of two types of bony tissue: one, compact; the other, spongy. The two 
* This is an oversimplification of the complex clietnicat structure of bone. 
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are continuous with one another and are acUially different arrangements 
of the same histological elements. Spongy bone consists of a framework of 
anastomosing bars or trobaculoe of various sizes and shapes. Their di- 
rections and points of contact are so arranged as to give each bone a 
maximum rigidity and resistance to changes in shape. Tlie sp.rces among 
trabeculae are filled with marrow. All hone began as spongy bone. Com- 

pocf bon« ocx:ur5 at and 
near the surface. In the 
larger long bones, the shaft 
or diaphysh consists of 
compact bone and has in its 
center a cavity filled with 
yellow mAiTOW. The dilated 
extremities or epiphyses of 
long bones consist of spongy 
bone covered with a thin 
layer of compact bone. 
Compact bone is actually 
less dense than it appears, 
:or it is traversed by innu- 
lerable ^'ascular channels. 

In contrast with cartilage, 

‘ ?ne is richly supplied by 
’ ’ood vessels. The presence 
oi freely anastomosing ves- 
sels influences the arrange- 
ment of bone ceils and of 
the intercellular substance 
in which they are embed- 
ded. The blood supply of long bones is represented by a nutrient artery 
that is distributed directly to the marrow and by numerous smaller ves- 
sels arising from arteries of the periosteum. The periosteal vessels per- 
forate the external layer of compact bone in ’srrxnu 
canols. These * ■ ’ ■ - ' ■ 

that run parallel ’ *“ ‘.....i,. inese bear the name 

Haversian canals, iiius, an intercommunicating vascular bed is brought 
into close relationship with the interstitial substance of compact bone. 

la a thin polished piece of compact bone cut at right angles to the long 
axis the Haversian canals look like blade spots. They vary in diameter 



. ‘ bone in cross section, 

ground and poltshed: c, cemenbag line of Ha- 
versinn system, /, interstibal lamellae. Compare 
with Fjg. 67B. 300 X . 
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FIGURE 67B. Compact bone from the tarsus of a giraffe; a cross section, ground 
and polished. Parts of nine Haversian systems and seven canals will be seen The 
apparent overlapping is due to partial r^lacement of older by newer systems. 
Interstitial lamellae occur between the two upper Haversian systems Cementing 
lines appear as narrow bright bands at the periphery of some of the systems 
Specimen from the Piersol collection Photomicrograph, 300 X. 
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but average roughly 50 fx. Around each of these canals is a variable num- 
ber (4 to 20 or more) of thin plates or lamellae of matrix. Behveen lamel- 
lae are seen the little black holes or lacunae which contain the bone cells 
or osteocytes in life. These are rather evenly distributed. From each 
emerge many fine fiagella-like canaliculi. Those nearest the Haversian 
canal open into it. More peripheral lacunae anastomose freely with each 
other through their canaliculi. The whole system of lamellae, lacunae, 
and canaliculi surrounding one Haversian canal is called a Haversian sys* 
tem. Forming the outer boundary of such a system and separating it from 
adjacent ones, a bright thin line, the cementing line, is often noticed. 
These details may be seen in Figs. 67A and B. 

The bone between Haversian systems is arranged in parallel lamellae 
that have a definite orientation. They are known as interstitial lameiiae, 
representing remnants of Haversian ^sterns that were partly absorbed 
in the rebuilding process accompanying growth of bone (Figs. and B). 

The cortex, or most external layer of compact bone, consists of a series 
of thin concentrically arranged lamellae which are produced by the peri- 
osteum. Tliese are circumferential or periosteal lamellae, which give a 
smooth appearance to the bone surface. A similar series of lamellae, fewer 
in number but also concentrically arranged, lines the wall of the marrow 
cavity. They are produced by the thin layer of fibrous connective tissue 
of the endosteum and are called endosteai lamefiae. The periosteal 
lamellae are pierced by the Volkmann canals, which in life conduct blood 
vessels into the Haversian canals. The Volkmann canals are not sur- 
rounded by concentric lamellae. 

In life, the bone cells fill lacunae and extend processes out into the 
canaliculi. Thus, they are shaped somewhat like fibroblasts (Figs. 65 and 
66). Canaliculi anastomosing \vilh adjacent ones provide a system of 
widespread but very minute channels tluoughout the matrix of bone. 
This permits tissue fluid to permeate through all parts of the bone sub- 
stance, enabling osteocytes to live in a medium that is almost completely 
infiltrated with mineral salts. 

Periosteum: A sheath enveloping the bone everywhere except over 
articular surfaces forms the periosteum, W’hich consists of dense fibrous con- 
nective tissue. In its outer part run many blood vessels and some nerve 
fibers and lymphatics. Flattened connective-tissue cells occupy the inner 
part of the periosteum. These can give rise to the bone-forming cells, 
osteoblasts, under certain conations. In a very young growing hone, 
osteoblasts are so numerous that they appear to form a special layer in 
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the periosteum. The capacity of periosteum to produce new bone is re- 
markable. If a large portion of the shaft of a long bone is shelled out from 
the periosteum, it may be replaced completely. In fractures, the perios- 
teum contributes to the knitting together of the broken ends by laying 
down a callus of new bone. 

The junction of periosteum and periosteal lamellae is marked in some 
places by visible collagenous fibers extending inward from the fibrous 
tissue of the periosteum. These are the perforating fibers that hold the 
periosteum firmly onto the bone. Tliey arc seen to best advantage at the 
sites where ligaments or tendons attach to bone. Tliey may be compared 
wth similar fibers in cartilage. 


JOINTS 

The histology of joints need occupy relatively little of your time, be- 
cause it introduces no new tissues. Tlie immovable or only partly mov- 
able synarthroses are characterized by dense fibrous connective tissue 
or cartilage between the bones. Sutures of the skull and intervertebral 
articulations represent two extremes. In sutures, the bones are held to- 
gether tightly by perforating collagenous fibers. Dense fibrocartilaginous 
intervertebral discs and their surrounding ligaments unite the bodies of 
the vertebrae and permit a limited amount of movement. 

In movable joints, or diarihroses, the ends of the bones are separated 
by a cavity containing some fluid. The articular surfaces are covered by 
a layer of cartilage— usually hyaline cartilage, although the fibrous form 
occurs in a few places. The outer surface of the articular cartilage lacks 
perichondrium and possesses rows of flattened chondrocytes. The deep 
cartilage is calcified. A dense fibrous connective-tissue capsule, ligamen- 
tous in nature, surrounds the joint and blends with the periosteum of 
the bones. 

Within the ligamentous capsule is a layer of areolar tissue, often thrown 
into folds and projections whch are the synovial plicae and villi. In 
some places, these are covered \vith cells resembling mesothelium. The 
synovial membrane, formed in this way, consists mainly of connective 
tissue containing a few fat cells. The connective tissue of the membrane 
becomes continuous with the perichondrium at the edges of the articular 
surfaces. Articular discs or plates of dense fibrous connective tissue or 
rous cartilage, continuous with the synovial membrane, project into 
t e cavity between the hnnpc nf snxn#* of t-bo larcy#» I'ninfc IJhp flip tnpp 
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but average roughly 50/*. Around each of these canals is a variable num- 
ber (4 to 20 or more ) of thin plates or iamelioe of matrix. Between lamel- 
lae are seen the little black holes or lacunae which contain the bone cells 
or osteocytes in life. These are rather evenly distributed. From each 
emerge many fine flagella-like canaliculi. Those nearest the Haversian 
canal open into it. More peripheral lacunae anastomose freely witli each 
other through their canaliculi. The whole system of lamellae, lacunae, 
and canaliculi surrounding one Haversian canal is called a Haversian sys- 
tem. Forming the outer boundary of such a system and separating it from 
adjacent ones, a bright thin line, the cementing line, is often noticed. 
These details may be seen in Figs. 67A and B. 

The bone between Haversian systems is arranged in parallel lamellae 
that have a definite orientation. They arc known as interstitial lamellae, 
representing remnants of Haversian systems that were partly absorbed 
in the rebuilding process accompanying growth of bone (Fjgs.67AandB). 

The corte.x, or most external layer of compact bone, consists of a series 
of thin concentrically arranged lamellae which are produced by the peri- 
osteum. Tliese are circumferential or periosteal lamellae, which give a 
smooth appearance to the bone surface. A similar series of lamellae, fewer 
in number but also concentrically arranged, lines the wall of the marrow 
cavity. They are produced by the thin layer of fibrous connective tissue 
of the endosteum and are called endosteal lamellae. The periosteal 
lamellae are pierced by the Volkmann canals, which in life conduct blood 
vessels into the Haversian canals. The Volkmann canals are not sur- 
rounded by concentric lamellae. 

In life, the bone cells fill lacunae and extend processes out into die 
canaliculi. Thus, they are shaped somewhat like fibroblasts (Figs. 63 and 
66). Canaliculi anastomosing with adjacent ones provide a system of 
widespread but very minute channels tliroughout the matrix of bone. 
This permits tissue fluid to permeate through all parts of the bone sub- 
stance, enabling osteocytes to live in a medium that is almost completely 
infiltrated with mineral salts. 

Periostetim: A sheath enveloping the bone everj’where except over 
articular surfaces forms the periosteum, which consists of dense fibrous con- 
nective tissue. In its outer part run many blood vessels and some nerve 
fibers and lymphatics. Flattened connective-tissue cells occupy the inner 
part of the periosteum. Tliese can give rise to the bone-forming cells, 
osteoblosts, under certain conditions. In a very young growing bone, 
osteoblasts are so numerous that they appear to fonn a special layer in 
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by a twofold process of construction and destruction. Unless you Veep 
this always in mind, you cannot hope to understand the process of bone 
growth. 

Before discussing development, growth, and reorganization of bone, 
it is well to know something about the cells that appear to have a good 
deal to do with these processes: the osteoblasts and the osteoclasts. 



FIGURE 69 Osteoclasts, tlie kirge one in a Howsliip’s lacuna, on a trabeculum of 
fetal iawbone. 1200 X. 


Osteoblasts develop originally by transformation of mesenchymal cells; 
later they arise by division of other osteoblasts and by transformation of 
indifferent cells of connective tissue. Osteoblasts look a little like plasma 
cells because they have dark eccentric nuclei, basophilic cytoplasm, and 
sometimes a washed-out region near the nucleus. Thev aie easy to iden- 
tify when they occur in single rows on the surface of growing bone. There 
they resemble low simple columnar epithelium (Fig. 68). Osteoblasts are 
associated with the deposition of new bone matrix in some manner not 
understood. 

Osteoclasts are found in the region of bone resorption. The number 
present in an area may be taken roughly as an index of the rate of bone 
desttuction. They are far less numerous than osteoblasts and are easily 
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The cavity of a joint may communicate with bursae outside of the 
joint. These are spaces lined with a continuation of the synovial mem- 
brane. The synovial fluid in the joint cavity and bursae is tissue fluid 
containing mucin, globulins, and proteins— substances imparting lubri- 
cating qualities to it. The movable joints are well supplied with blood 
vessels and lymphatic vessels, Ncrv'e fibers and lamellatcd sensory cor- 
puscles will be found in all diartluroses, for ft is essential to keep you in- 
formed about the movements of your joints. 


VEVELOPMEm, GROWTH, AND REilODELING OF BONE 

At the time of birth, half of the centers of ossification have not ap- 
peared and less Uian one twenty-fifth of the bone of the adult has been 



FIGURE 88 Intrame .oiniation la the maxjlla of a cat 

fetus Osteoblasts are argued along a trabeculum of new bone. 1200 X . 


produced. Therefore, a consideration of development and growth of bone 
transcends the realm of embryology. Bone is increasing over a consider- 
able fraction of tlie life span aud, since it never completely loses its ability 
to undergo changes and repair, it is impoitant to know ho%v its growth 
and reconstruction take place Bone is not simply piled on and on until 
adult size is reached. That might be the easiest procedure, but it cer- 
tainly would not be the most economical one. Growth is accomplished 
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identified by their giant size (Fig. 69). They arc the polykaryocytes men- 
tioned on page 64. These multinnclealed giant cells are often observed 
in little hollowed-out pockets in the bone. Such indentations are called 
Howship’s lacunae. 



FIGURE 71. Ossification in the terminal phalanx of a human infant’s 
finger. A dark zone of calcifying cartilage borders the hyalin cartilage. 
Photomicrograph, 30 X 


The role of osteoclasts in bone destruction is not entirely clear. They 
do not phagocytize it, and instances of resorption in the absence of osteo- 
clasts can be cited Nevertheless, there is considerable evidence that they 
do assist in the process of tearing down existing bone. 

The simplest picture of bone formation will be seen in studying intro- 
membranous ossification of bones arising in embryonic connective tissue. 
The bones involved are the fiat bones at the vault of the skull, the face, 
and the jaw. At fetal centers of ossification, numerous mesenchymal cells. 
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blood vessels. Later some of the mesenchymal cells become the mye- 
logenous elements of bone marrow. 

All the time bone is being built in the manner just described, the fetus 
is growing apace. Bones of the proper head or jaw size for one stage of 



FIGURE 73 Diaphysjs of a metacarpal bone of a cat 
fetus, showing penetrabon of vessels and osteogenic mes- 
enchyme into calcified cartilage, b, penosteal bone collar, 
c, calcified cartilage; m, osteogenic mesenchyme, o, osteo- 
blasts; c, blood vessels of an osteogenic bud. This figure 
corresponds to the area outlined in Fig. 70B. 600 X • 

development are quickly outgrown and must be redesigned from day to 
day. The osteoclasts play some part in the resorption that is a necessary 
step in the reconstruction of bone. Resorption in one place goes on si- 
multaneously with production of new bone at an immediately adjacent 
one, so subtle is the transformation and so delicate the response to 
changing need. 

While the membrane bones of the cranium are forming, a similar phe- 
nomenon occurs in the miniature cartilaginous models of the bones of 
the appendicular skeleton Tlie process by which most of the cartilaginous 
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Still loosely connected with each other by means of their processes, ap- 
pear in a loose membrane of fine collagenous fibers, the osteogenic fibers. 
These cells are about to become osteoblasts. As Uiey assume the charac- 
teristics of osteoblasts, they line up on fibers, and there appears along 
one side of the row* of them some matrix substance which is the precursor 
of bone, although not yet containing lime. Tliis is soon built into irregu- 


FIGUHE 72. Trabeculum of bone, showing cores of darkly stained calcified 
cartilage Same spccinien as Fig 71. Photondcro^aph, 300 X. 

lar bars (trabeculae) or sliveis (spicules) with osteoblasts aligned on 
both sides. Shortly thereafter, the matrix begins to be infiltrated with 
calcium salts, and the first trabeculae and spicules of bone have been 
formed. Tliis process goes out in all directions. Try to think of it in three 
dimensions. 

The bars first laid down grow in thickness by deposition of new matrix 
at tire osteoblast-matnx junction Growth in length is accomplished by 
transformation of additional mesenchymal cells into osteoblasts, which 
appear in strands along the osteogenic fibers. As matrix is deposited, some 
of the osteoblasts lag behind and become imprisoned in the new bone 
by deposition of matrix all around them- Bone cells are formed in this 
way. The spaces between trabeculae contain mesenchyme and small 
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—exactly the same as in membrane bones. Figures 73 and 74 illustrate 
stages in development of periosteal bone. 

While this goes on, or just preceding it, cartilage cells in the center of 

A 



FIGURE 75 Endochondral bone formation in the 
ulna of a guinea pig fetus A, cartilage, B, zone of 
proliferating cartilage cells; C, zone of calcification 
of cartilage and hypertrophy of lacunae, D, zone of 
ossification; osteoblasts, o, appear on trabeculae of 
calcified cartilage, c, other cells of the osteogenic 
buds, m, may be seen, blood vessels, o, are present 
in the buds The region corresponds to that outlined 
in Fig 70C. aOQ X. 

the bones begin to align themselves m longitudinal rows. Their lacunae 
enlarge (Figs. 70A and B). A corresponding decrease in intercellular ma- 
trix takes place. With continuation of this process, many lacunae merge 
to form irregularly elongated cavities, while remnants of the cartilage 
become calcified by infiltration with calcium salts. At the same time, em- 
bryonic connective tissue with blood vessels erodes the periosteal bone 
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skeleton is transformed into bone is kno\vn as endochondral ossification. 
It is illustrated diagrammatically in Fig. 70. For long bones, it begins at 
and around the center and proceeds in an orderly manner toward the 
ends until the definitive bone has been completed. A curious feature is 
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FIGURE 74. Periosteal bone in the humeral diaphysis of 
a 2-week-oId kitten: /, >oung fibrous ligament lying on 
the surface of i>, the vascular layer of periosteum, o, os- 
teoblastic layer of penosteum This figure corresponds to 
the area outlined in Fig 70D 300 X • 


that bone formation never quite o^’ertakes the growth of -cartilage. In 
many bones of the body, more than a trace of cartilage remains on articu- 
lar surfaces long after the process of ossification has been completed. 

Endochondral ossification is accompanied by periosteal bone forma- 
tion (Fig* In long bones, this starts around the center of the shaft 
where a ring of osteoblasts forms in the fibrous perichondrium. This 
membrane is appropriately renamed periosteum as soon as the first 
matrix appears between osteoblasts and cartilage The process involves 
deposition of matrix on osteogenic fibers and its subsequent calcification 



CHAPTER 8 


Muscular Tissue 


IS^uscle is responsible for all the outward manifestations of life. Not 
only your movements, but also your heartbeat, breathing, and invisi- 
ble activities of a visceral nature come about through muscular con- 
traction. Contractility is the one fundamental property of protoplasm 
that most distinguishes animals from plants. It is present even in the 
lowest multicellular forms, where simple muscle-like cells produce move- 
ment. 

Your o\Mi muscular tissue has more to do than provide motive power. 
Muscles serve to limit movements, brace against gravity, and maintain 
posture. They are constantly held in a state of partial contraction known 
as tonus. Thus they are always working, and by so doing they produce 
body heat. Tlie dog’s shivering comes about in response to a call for more 
heat. 

The muscle of your heart is vital. Those of your other visceral organs 
play essential roles in respiration, digestion, excretion, and reproduction. 
Muscles of your blood vessels are extremely important for controlling 
blood flow and maintaining constant the internal environment of your 
protoplasm. 

Muscular tissue exists only in combination with connective tissue, blood 
vessels, and nerves Its elements are elongated cells, usually called muscle 
fibers, which have the ability to shorten and lengthen quickly. Three 
types of muscle fibers are regularly encountered in vertebrates: smooth 
or visceral, skeletal or somatic, and cardiac muscle. Their one common 
structural characteristic is the presence of fine myofibrils in their cyto- 
plasm, giving them an appearance of faint longitudinal striation. Most 
muscle fibers occur in bundles or layers and, because of this, the full 
length of each individual fiber is impossible to see. 

Ill 
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collar and breaks into the cavities in the calcifying- cartilage, forming 
osteogenic bods (Figs. 73 and 75), we say. These provide the cells that 
form osteoblasts and the osteogenic fibers on which to build bone. Then 
bone proceeds to form just as it does beneath the periosteum and in the 
embryonal skull membranes. The bits and slivers of the calcified cartilage 
that were left over after erosion of the cartilage matrix offer convenient 
foundations for deposition of bone matrix. Consequently you wll en- 
counter trabeculae of bone in the centers of which are deeply basophih'c 
calcified cartilage remnants (Fig. 72). 

The process of endochondral ossification extends toward the ends of 
the bones, preceded by rapid growth of the cartilage. Much later, after 
birth in almost all bones, secondary centers of ossification arise in the 
cartilage at the ends of the bone exactly as the primary ossification cen- 
ters were formed (Figs. 70C and D).M this spreads out toward the on- 
coming primary ossification center, a band of carHIage marks the junction 
of diaphysis and epiphysis. This is the epiphyseal cartilage. Its continu- 
ing growth makes possible the lengthening of the bone. When ossification 
overtakes it after puberty, it is finally obliterated. The diaphysis and epiph- 
ysis fuse, and no further lengthening can occur. Throughout the course 
of growth, the bone increases in thickness by periosteal ossification. As 
growth in length and diameter proceeds, resorption and reconstruction 
take place to keep pace with the ever-changing needs. 

Take up the human femur that you sawed longitudinally at the be- 
ginning of your study and, as you contemplate it, bear in mind that it 
was smaller than a paper safely match at the time ossification began in 
its center during the third fetal month. 
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short branching fibers have been seen m large arteries, such as tlie aorta 
(Fig. 76C). 

Histological sections cut parallel to the long axis of smooth-muscle 
fibers reveal little about their stniclure. Figure 77 illustrates their appear- 
ance. Nuclei are seen as elongated bodies, and the whole layer of tissue 



FIGURE 77. Smooth muscle of the htiman esophagus. Fibers are cut in cross section 
in the upper and m longitudinal secbon in the lo^ve^ part of tiie figure Photomicro- 
graph, 600 X 


has a longitudinally striated appearance. With hemato.xylin and eosin 
staining, the fibrous connective tissue is more brightly pink than the 
cytoplasm of smooth muscle. 

Cross sections show fibers of many sizes, depending on whether indi- 
vidual cells were cut in the middle or near the end. Since each cell has 
one nucleus and since it occurs in the middle, only the center section will 
reveal it. Furthermore, the nucleus may look large or small according to 
whether it was cut through its middle or through one of its tapering ends 
(Fig 77). 

Smooth muscle is of widespread occurrence in the walls of tubular and 
hollow organs, where it forms layers or bundles. Its fibers are held to one 
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SMOOTH MUSCLE 

Smooth-muscle fibers are the simplest of the three types. They are 
sometimes called plain because they are unadorned by the horizontal 
striations tliat characterize both skeletal and cardiac muscle fibers. Fur- 
thermore, they lack a distinct cell membrane. The cytoplasm of these 
long, thin, spindle-shaped cells has nothing very characteristic about its 



FIGURE 70. Smooth muscle: A, fibers isolated from a frog’s bladder; B, cross 
section of fibers in tlie bladder of a Idtten; C, branching smooth-muscle cells in 
the aorta of a dog. 900 X , 


appearance. The nucleus is cigar-shaped and lies in the center of the cell, 
one to each cell as a rule. 

A good place to study smooth-muscle fibers is the wall of a hollow 
organ of one of the lower vertebrates wJjose cells are larger than those 
of mammals. Figure 76A illustrates a few isolated fibers from a frog’s 
urinary bladder in a moderately contracted state. Nuclei appear longer 
and thinner in stretched fibers, and shorter and twisted or segmented in 
greatly contracted fibers. Twisted nuclei are sometimes seen in walls of 
blood vessels (Fig. 43). 

Smooth-muscle fibers vary in length from 15 to 500 fi, depending on 
their location. Those of the intestine are about 200 fi long. The shortest 
occur in small blood vessels. Smooth-muscle fibers can increase greatly 
in size as the occasion demands. The lengthening is notable in the uterus 
during pregnancy where individual fibers become eight times their origi- 
nal ^ize. They are unbranched in almost every location, although a few 
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been designated myoepithetiot cells and arc said to rescml)ic (he most 
primitive contractile elements in coclentcratcs. These arc illrtstrated in 
salivary glands in Fig. ISS atul in sweat glands in Fig. 175. 

SKELETAL MUSCLE 

Skeletal or somatic muscle forms the flesh of your body, constituting 
over 40 per cent of the total body weight and far exceeding any other 



FIGURE Dc\etopmg sVetetjil muscle fi\)ers, A, 
longitudinal section, B, cross section c, mesenchy- 
mal cclU, in, myobi.rsts in several stages of deNclop- 
ment; y, young myobkist with four nuclei but no 
fibrils 900 X. 

tissue. Like other muscle and hke connective tissue, it arises from meso- 
derm; more specifically, from that part of each mesodermal somite that 
rs known as the myotome. Development begins in man about the sixth 
Week and ends in most muscles before birth. Further growth consists of 
enlargement of the fibers. 

Various stages of development can be seert side by side m fetal muscles, 
some of which are illustrated in Fig. 79 Closely packed cells of the myo- 
fomes become elongated and spindle-shaped The single nucleus initiates 
a series of divisions, producing multiple nuclei strewn along the axis of 
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another by some interstitial substance containing reticular fibers in fine 
networks. These are well developed in the intestinal musculature and in 
small and medium-sized arteries, as shown in Fig. 78. Individual muscle 
fibers take up the least possible space in the layers, one spindle-shaped 
cell overlying the neighboring cells, as shown in Fig. 76. The cells never 
lie end to end. 



FIGUJIE 78. Smooth muscle in small arteries, ^ 
and C, kitten's tongue, B, human kidney, c, col- 
lagenous fiber; /, fibrobhist nucleus. Beticular fi- 
bers have been darkened by sih'cr carbonate stain 
900 X. 

Connective-tissue septa tend to subdivide the larger sheets or layers of 
smooth muscle, pjoviding ways for nerves and blood vessels to penetrate 
them. Capillaries pass among smaller groups of fibers, but they are fewer 
than in skeletal muscle. 

Nerve endings of smooth muscle are quite simple (Fig. 133) and few. 
Not every muscle fiber is innervated. In fact, most are not. Conduction is 
readily effected over smooth-musde fibers themselves. Contraction, en- 
tirely involuntary, is slow and sustained, but can produce extraordinary 
force; witness the uterus during labor. Smooth muscle does not become 
fatigued so easily as the skeletal varietj'. 

In a few restricted locations, such as the iris of the eye and certain 
glands, cells of special nature occur among epithelial cells. They have 
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been designated myoepithelial cells and arc said to resemble (he most 
primitive contractile elements in coclentcrates. Tliese are illustrated in 
salivar)’ glands in Fig. 18S and in sweat glands in Fig. 175. 


SKELETAL MUSCLE 

Skeletal or somatic muscle forms the flesh of your hody, constituting 
over 40 per cent of the total hody weight and far exceeding any other 



FIGURE 79. Developing skeletal muscle fibers, A, 
louginulmal section. B, cross scebon c. mesenchy- 
mal celU; m, myoblasts in several stages ot develop- 
ment, y, )’oiing m)'obla5t with four nnclei but no 
fibrils 900 X. 

tissue. LiVe other muscle and like connective tissue, it arises from meso- 
derm; more specifically, from that part of each mesodermal somite that 
is known as the myotome. Development begins in man about the sixth 
week and ends in most muscles before birth Further growth consists of 
enlargement of the fibers. 

Various stages of development can be seen side by side in fetal muscles, 
some of which are illustrated in Fig. 79. Closely packed cells of the myo- 
tomes become elongated and spindle-shaped The single nucleus initiates 
a series of divisions, producing multiple nuclei strewn along the axis of 
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the glowing myoblast. Meanwhile, myofibrils appear in the periphery of 
the cytoplasm. Later the nuclei come to lie at the periphery beneath the 
thichenccl cell membrane. Young muscle fibers can contract as soon as 
myofibrils appear. 

Fibers of skeletal muscle are typically long, straight, unbranching' 
cylinders. They are cells, the largest in the body, varying between 10 and 
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muscle fibers, which can be fractured \vithout tearing the sarcolcmma by 
overstretching. 

Skeletal-muscle fibers possess many nuclei— several liimdrecl in the larg- 
est ones. The nuclei are ovoid and usually less elongated tiran those of 



FIGURE 81. Skclet-jl-nMiscle fibers: A and B, longitudi- 
nal section; C and D, fran<\crse section, somewli.it dia- 
gtannnatically tcnrescnletl Compare with Fig. 80 Tlic 
differences m appearance are due to variations m tech- 
nical procedures. 


smoath-mctscle fibers. One of the two important features of a skeletal- 
muscle fiber IS the peripheral location of its nuclei beneath the sarco- 
lemma; the other is the crossed striaHons of the fiber 
Within the sarcolemma is the muscle cytoplasm, known as sorcoplosw. 
This is a viscous fluid containing myriads of myofibrils, 0 2 to 1 or 2 /t m 
thickness. In longitudinal sections, these fibrils are readily perceptible, 
but they are more easily seen in cross sections of well-preserved muscles. 
They impart a fine stippling to the cross section of fibers. This stippling 
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the glowing myoblast. Meanwhile, myofibrils appear in the periphery of 
the cytoplasm. Later the nuclei come to lie at the periphery beneath the 
thickened cell membrane. Young muscle fibers can contract as soon as 
myofibrils appear. 

Fibers of skeletal muscle are typically long, straight, unbranching^ 
cylindeis. They are cells, the largest in the body, varying between 10 and 
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FIGURE 80. Skeletal muscle of a cal’s longue; myofibrils are seen in cross sec- 
tion on tile right, and in longitudinal section on the left. Iron hematoxylin stain. 
Preparation by Uie late Dr. George de Renyi. Photomicrograph, 900 X. 

100 fi in thickness and up to 4 cm. in length (some claim 15 cm. or more). 
Some fibers of short muscles extend the entire length of the muscle. Most 
do not. The very active muscles, like those moving the eyes, have the 
thinnest fibers The ponderous limb muscles have thick fibers. 

The cell membrane of the skeletal muscle fiber is called the sarco- 
lemma. Although it is a true cell membrane, it is so thick that it resem- 
bles the wall of a plant cell. It comes into close relationship at its nerve 
ending with the neurolemma, which is the cellular sheath of nerve fibers 
supplying the muscle fibers. It is tougher than the protoplasm of the 

1 In a few places, such as the attachments of some intrinsic tongue muscle fibers, 
branching fibers occur. 
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may appear uneven because the fibrils tend to group together in columns, 
appearing in cross section as areas of dots in the more fluid cytoplasm 
(Figs. 80 and 81). 

Tlie cross siriations of relaxed skeletal-muscle fibers are composites of 



FIGURE 83. Das-reLef photomicrograph of Imnun sVcletat-inuscle fibers in longitvi- 
dmal section. This scebon is die same as Fig. 82B. 600 X. 


alternating light and dark portions of individual myofibrils. The light and 
dark stripes, kno^vn as isotropic and anisotropic discs when viewed in 
polarized light, are easily seen in any ordinary histological preparation 
(Fig. 82) but ate demonstrated to best advantage with iron bemaioxylin 
stain, which darkens llie anistropic disc (Fig. 80). Well-fixed and stained 
longitudinal sections may exhibit an e.xtraordinarily thin dark line tran- 
secting the isotropic disc. Barely, a fine light line occurs in the aniso- 
tropic disc. These lines and the discs they traverse have been given some 
bothersome letter designations.- We knoiv little, indeed, about the sig- 

- The j$otropic disc is called I by English and / by Germans, the anisotropic, A and 
Tlie dark line in the isotropic disc is Krause’s menxtrnne or Z, the light hne in the 
anisotropic disc, ller^sens line of II The portum of the fibtd between two Z hnes 

IS a »pr(em«r«. 
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trated in Fig. 86. These little vessels are the branches of slightly larger 
vessels which run in the perimysial septa and surrounding connective tis- 
tiie, as shoNvn in Fig. 84 The smallest capillaries course up and down 
among the individual fibers, branching and anastomosing with each other. 

Muscles are extensively innervated by motor and sensory nerve fibers. 
Each muscle receives one motor ending (page 190 ) . This does not mean 
that each muscle fiber contracts individually. Numerous nerve endings on 



FIGURE 85. Skelel.4-muscle fibers in a kittens tongue, show- 
ing rehcular connective-tissue fibers of the endomysiuni, A and 
B, cross and longitudinal sections: c, arterial precapillary. Silver 
carbonate stain 900 X . 

numerous muscle fibers are associated with one nerve fiber. \Vhen a nerve 
impulse comes down the fiber, the whole group of muscle fibers, con- 
stituting a motor unit, goes into action together. 

Sensory nerve fibers are supplied in a different way. In most muscles, 
special groups of muscle fibers are set aside in connective-tissue sheaths: 
these are the only ones from whicli messages may be received. They 
do no real pulling. With their connective-tissue sheaths and nerve end- 
ings, they constitute the neuromuscular spindles. These spindles are of 
various sizes, consisting of 3 to 20 musde fibers, each of which has the 
usual motor nerve ending in addition to a sensory fiber termination (page 
193). The spindle muscle fibers are usually shorter and thinner than the 
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nificance of the discs and lines, although theories are not lacking. For 
this, see more extensive books on histology. 

A good deal of areolar connective tissue invests skeletal muscles, form- 
ing the fascia or epimysium surrounding them and the perimysium tliat 


P 



FIGURE 84. Skeletal-muscle fibres in a cats gastroc- 
nemius muscle; e, epjmysium; n, small nerve; p, peri- 
mysium, V, blood vessels. GOO X. 


subdivides them (Fig. 84). Individual muscle fibers are held together, 
and small bundles of them are set apart by delicate wisps of endomysiom. 
The endomysium contains some reticular fibers (Fig. 85). The con- 
nective tissue serves to bring nerves and a rich blood-vessel plexus 
into close association with muscle fibers. Its fibroblasts and macro- 
phages stand ready to repair extraordinary wear and tear of this active 
tissue. 

Muscles are very well supplied with blood, as should be expected from 
the roles they play as prime movers of the body and generators of body 
heat. Portions of a capillary bed, stained by a silver method, are illus- 
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Nuclei of cardiac muscle look like those of skeletal muscle but occur 
in the interior of the fibers. Sarcoplasm is more abundant and lacks myo- 
fibrils in the vicinity of nuclei. Tlie myofibrils are considerably coarser 
than in other types of muscle, and their tendency to group together in 



FIGURE 87. Cardiac-muwle fibers, A and B, ventricle of 
a monkey’s heart, C, from a human heart f, intercalated 
discs, p, granules of pigment; c, blood capillaries Species 
and/or staining differences account for the variations in ap- 
pearance of the intercalated discs. 900 X. 

columns is marked. They are present in living cells in tissue cultures. 
Their cross striations are hke those of skeletal muscle. The sarcolemma is 
delicate and thin and is scarcely more than a light condensation of sarco- 
plasm. Transverse sections of cardiac-muscle fibers reveal details con- 
cerning the nature and distribution of fibrils and nuclei. It is instructive 
to compare them with similar sections of skeletal and smooth muscle 
(Figs 77, 82, and 88). 

One of the most characteristic features of cardiac muscle is the pres- 
ence of transverse bands, known as Intercalated discs (Fig. 87). Each of 



MUSCULAR TISSUE 

working fibers, and they taper. Nuclei may appear in the center of the 
fibers. Two spindles are shown in Fig. 136. 

Muscle fibers end freely in the connective tissue within muscles or are 
joined to dense connective-tissue 
fibers in fascia, periosteum, or 
tendons. At myotendinal junc- 
tions, the sarcoplasm is enclosed 
by tlie sarcolemma at the end of 
the muscle fiber, and the sarco- 
lemma is firmly adherent to col- 
lagenous fibers of the tendon. 
Collagenous fiber bundles of the 
perimysial septa merge directly 
with the denser bundles of ten- 
don fibers. 

FIGURE 86. Capillaries surrounding skel- 
etal muscle fibers in a dog’s tongue, stained CARDIAC MUSCLE 

by a special silver technique: A and B, Ion- ^ .v 

gitudlnal and cross sections 300 X. Cardiac muscle composes the 

heart walls and is found in the 
large veins entering it. There is considerable structural resemblance to 
skeletal muscle, although functionally it is more like the smooth variety. 
Its contractions are rapid, occurring rhythmically, tirelessly, and end- 
lessly from a very early embryonal stage until death. The nervous system 
exerts some control over it, but it is not essential for inherent rhythmicity 
and plays no part at first. Tlie nerves to cardiac muscle are similar to 
those of smooth muscle and are not at all like those of skeletal muscle. 

The cells of caidiac muscle branch and anastomose with one another, 
forming a syncytium. Grossly they are arranged in layers or sheets that 
wind in overlapping spirals to form the myocardium. Sections through 
the ventricular wall of the heart will cut some fibers across and others 
lengthwise or obliquely. Figures 87 and 88 illustrate the appearance of 
this type of muscle. 

Longitudinal sections tlirough cardiac muscle will demonstrate branch- 
ing and anastomosing muscle fibers, separated by delicate strands of 
loose connective tissue containing a rich capillary bed to keep this ac- 
tively working muscle well supplied with blood (Fig. 87). This connec- 
tive tissue contains many fine reticular fibers attaching to the sarcolemma 
of muscle cells. 
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these may cAteml completely across the fiber, running in a straight line 
or m a stair-step formation. Tlie distribution of discs is irregular, aithougli 
in fa\'orabl)' fixed and stained preparations it is less so. The intercalated 
discs seem to form boundaries between muscle cells, although this is 



FIGURE 89. Purkinje fibers of the cardiac conduction system of a monkey 
A, longitudin.it section, B, cross section; C, ordinary muscle fibers for coin- 
p.iriion. 900 X . 


really only a guess, for we know nothing about their purpose. They can 
be seen in living cardiac muscle grown in tissue culture. 

Since rhythmical contractions of cardiac muscle are automatic and 
occur without direct action of the nervous system, conduction of syn- 
chronizing impulses takes place through the muscle tissue A special 
modification of cardiaC'muscJe fibers has been developed for this purpose. 
It is known as the impulse'CORducling system of the heart and is com- 
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CHAPTER 9 


Heart 


Xlie heart is really an o\’crgrou’n blood vessel wliosc muscular wall has 
become highly differentiated for intermittent contraction, It has four 
chambers: two thin-wallcd atria, serving chiefly as reservoirs, and two 
thick-walled ventricles, which do most of the work. Tlie atria receiv’c the 
blood The right admits the superior vena cava, the inferior vena cava, 
and the coronary sinus (vein). Tlie left atrium receives the four pulmo- 
nary veins. Contraction of tlie muscular walls of the atria aids only slightly 
in passing blood on into tlie ventricles. 

Tlie ventricles act as a powerful double force pump which is most ef- 
fective in sending blood on its way at just the right moment and with pre- 
cisely the correct force into the pulmonary artery (right) and the aorta 
(left). The pressure required to force blood through the systemic circu- 
lation is much more than that needed to propel it througli the lung. Cor- 
relatively, the musculature of the left ventricle is heavier than that of the 
right one. 

F/ffKDf/S SKELETON 

Proper functioning of the heart depends on the presence of a skeleton 
of dense fibrous connective tissue which prevents overdistention of ori- 
fices and provides attachments for sheets of muscle. The atria are at- 
tached to the ventricles by a fibrous plate, the otrioventrleular septum. 
Orifices in this septum are encircled by heavy fibrous rings, to the edges 
of which are anchored the flaps of the tricuspid (right) and the mitral 
(left) valves. Other orifices are associated with the pulmonary arterj' and 
aorta. Their semilunar valves attach to fibrous cuffs which also are part 
of the skeleton of the heart. Finally, the dense fibrous connective tissue 
extends into the septum between the ventricles. 

127 
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posed of special muscle fibers called Pofkjn|e fibers. These differ from the 
working muscle fibers in a few particulars. Purkinje fibers are larger in 
diameter, appear swollen, and contain more sarcoplasm and relatively few 
myofibrils. Their nuclei look small and are centrally placed. They possess 
intercalated discs, just like those of other cardiac-muscle fibers. Figure 89 
illustrates their appearance. 


MUSCLE REPAIR AND REGENERATION 

Of all varieties of muscle, cardiac is least able to undergo regeneration 
and repair. There is little evidence that its fibers can reproduce, but it is 
long-lived and remarkably resistant to daily wear and tear. Skeletal- 
muscle fibers can undergo some regeneration if the sarcolemma, a little 
of the sarcoplasm, and the nuclei are not entirely destroyed. But, again, 
it is questionable if whole new fibers can be formed from indifferent cells. 
Maintenance of skeletal muscle requires an intact motor nerve supply. 
Hypertrophy involves increase in fiber diameter, not increase in the 
number of fibers. Smooth-muscle cells are the least differentiated, and 
regeneration of them can take place. This occurs mainly from indifferent 
connective-tissue cells, although partly by mitotic division of existing 
muscles. Injuries and wounds are healed by connective-tissue scar forma- 
tion in all types of muscle. 
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sions from these, the paplHary muscles, give attachment to thin chordoe 
fendineae, which fasten onto the free edges of the leaves of the tricuspid 
and mitral valves. Tliese cords are made of fibrous connective tissue con- 
tinuous with that of the endocardium, and tliey do not have anj' muscle 
in them. 

The myocardium is permeated by loose fibrous connective tissue carry- 



FIGUflE 90. Endocardium of a human heart ventricle. Photomicrograph, 
300 X. 


ing blood v’cssels and lymphatic vessels. Tlic capillary bed is very exten- 
sive in cardiac muscle. Blood reaches it diiectly from the coronary ar- 
teries, which are the first branches given off by the aorta Tins blood, fresh 
from the lungs, gives up mote oxygen in the capillary bed of the heart 
than does blood in any other organ. A rich lymphatic drainage can be 
demonstrated in tlie heart muscle. 

The epicardium, or outer coat of the heart, is the visceral pericardium. 
It is formed by fibrous connective tissue covered with mesothelium. Tire 
branches of the coronary arteries, veins, and nerve plexuses course within 
it. Fat IS found along the vessels. Hie main arteries of the heart anasto- 
mose freely with one another, but connections between vessels are in- 
adequate to supply the heart muscle after sudden occlusion of one of the 
coronar)’ artery branches. There are no end arteries The anastomoses in 
the capillary bed increase with age. Slow occlusion of a coronary artery 
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TJie two atria and ventricles are separated by interatrial and Jnterven* 
tricular septa. The former is thin and partly membranous and presents a 
shallow depression, the fossa ovolis, winch marks the site of the aperture 
by vvhicli oxygenated inferior vena cava! blood from the placenta en- 
tered the left atrium during fetal life. The interventricular septum is 
thick and muscular except near the atrioventricular orifices, where it re- 
ceives a strong extension of the cardiac skeleton, giving it the name 
septum membronaceum. Tliis dense fibrous connective tissue is inelastic, 
contains a few cartilage-like cells, and has a tendency to calcify or even 
ossify in old age. The os cordis is found here in certain large mammals. 


ENDOCAnOimi, m'OCARDfmf, A^D EPICARDIUM 

Three layers can he seen In the atrial as well as in the ventricular 
walls. The innermost is the endocordiom, continuous with the internal 
coat of the vessels entering and leaving the heart. It is thicker in the atria 
than in the ventricles. Folds of it form valves, including the flaps that 
guard the inferior vena cava and the coronary sinus. 

The innermost component of the endocardium is endothelium. Beneath 
this is a variable amount of fibrous connective tissue containing some 
elastic fibers and a few smooth-muscle cells. Blood s'essels and branches 
of the special impulse-conducting system of Purkinje fibers course in the 
deeper layer of the endocardium. Tlie structure of the endocardium is 
illustrated in Fig. 90, 

The myocardium is the thickest of the three coats and is formed of 
cardiac muscle, whicli was described on pages 122 to 126. The atrial myo- 
cardium is thin In the auricular appendages, it has ridges, called pec- 
tinate muscles, extending into the lumen. Its outer layer is common to 
both atria. 

The ventricular myocardium is much more complex, and its arrange- 
ment can be studied to best advantage in gross specimens. There are no 
straight bundles running from the base to the apex of the heart. Instead, 
the sheets of cardiac muscle are spirally arranged, deep fibers encircling 
each ventricle, with the thickest construction in the left. Tlie spiral ar- 
rangement of muscle bundles makes contraction pecuharl)' efBcient. Each 
heart beat virtually wrings out the blood contained in the heart. 

The internal surfaces of the ventricles are quite irregular, owing to 
projections of the myocardium which are called trofaeculae carneae. 
ThesB can be seen in the low-power photomicrograph in Fig. 91. Exten- 



FIGURE 90. Endocardium of a human heart \enlncle. PliotomicroBraph. 

300 X. 

ing blood vessels and lymphatic vessels. Tlie enpdlnry bed is very exten- 
sive in cardiac muscle. Blood reaches it directly from the coronary ar- 
teries, which are the first branches given off bv the aorta. Tin’s blood, fresh 
from the lungs, gives up more oxygen in the capillary bed of the heart 
than does blood in any other organ. A rich lymphatic drainage can be 
demonstrated in the heart muscle. 

The epJcardlum, or outer coat of the heart, is the visceral pericardium. 
It is formed by fibrous connective tissue covered with mesothelium. The 
branches of the coronary arteries, veins, and nerve plexrrses course within 
it Fat is found along the vessels. The main arteries of the heart anasto- 
mose freely with one another, but connections between vessels are in- 
adequate to supply the heart muscle after sudden occlusion of one of the 
coronary artery branches There are no end arteries Tlie anastomoses in 
the capillary bed increase with age. Slow occlusion of a coronary artery 
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may occur without disaster because these anastomoses provide a groAving 
collateral circulation. 



FIGURE 91. Ventricular myocardium of an infant’s heart. 
Specimen in the Tiersol collection. VhotomictogTaph, 4 X. 


autonomic ganglion cells. These lie in the epicardium and follow the 
course of the arterial distiibution. 


CARDIAC VALVES 

The cardiac valves are all of similar structure. Since they are folds of 
endocardium, they are invested with endothelium, beneath which is dense 
fibrous connective tissue, continuous \vith that of the cardiac skeleton. 
The aortic and pulmonary valves have thin layers of elastic fibers on their 
ventricular sides. The atrioventricular \’alves are said to have a few 
smooth-muscle fibers on the atrial side. All are firmly anchored to the 
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fibrous rings or cuffs. The free edges of the valves are practically avascu- 
lar. The comment has been made that no living tissue could withstand 

clastic wall 
of aorta 


■r'7‘’7vatve 





aortic sinus 


heart muscle 


FIGURE 92. Aortic valve of a human heart. Stained 
for elastic fibers. Specimen in tlie Piersol collection. 
Photomicrograpl), 8 X . 

the strain that has been placed on the heart valves. Although not strictly 
dead structures, the avascular valve edges are markedly fibrous. The 
structure of an aortic \’a!ve is illustrated m Fjg 92. 



mPVLSE^CO^DVCrWG SYSTFAf 
The impulse-conducting system of the heart is poorly understood from 
both structural and functional standpoints. It is constructed of the spe- 
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cial cardiac-muscle fibers (Purkinje fibers) arranged in strands beneath 
the endocardium. 

The conduction system may be said to start at an accumulation of spe- 
cial cardiac muscle, nerve fibers, and connective tissue between the orifices 
of the superior and the inferior venae cavae. This is the sinoatrial, or sinus 
node. From it, fibers spread out into the atrial walls. Impulse-conducting 
tissue is concentrated also at an easily demonstrable atrioventricular node 
near the orifice of the coronary sinus. Thence, as the atrioventricular 
bundle (His), this tissue crosses the fibrous atrioventricular septum and 
divides into branches which spread out over the inner walls of the two 
ventricles. 

The sinus node is called the pacemaker of the heart because it appears 
to initiate regulatory impulses for the contraction cycle of atria and ven- 
tricles. The conduction tissue is less easily seen in man than in certain 
other animals (Fig. 89), for the reason that its fibers are neither so dis- 
tinctive in structure nor so completely isolated by connective tissue. 


GREAT VESSELS 

Cardiac muscle of the myocardium extends beyond the atrial walls onto 
the veins that enter them. A little of it may be encountered in the aorta and 
pulmonary arteries. Near the heart, the structure of all the great vessels is 
modified. 

Both of the venae cavae have linings made up of endothelium and 
fibrous tissues, like the endocardium. They lack middle circular muscle 
coats, typical of most veins. Instead, they have a great deal of longitudinal 
smooth muscle and a variable amount of cardiac muscle in their outer 
coats. This serves to adjust their walls to tensions produced by the beating 
heart. 

The pulmonary veins are relatively inelastic and possess a middle coat 
almost as thick as that of the branches of the pulmonaiy artery. Near the 
heart, it is formed very largely by cardiac muscle. Again, the internal coat 
is fibrous and thick like that within the atrium. 

The aorta and pulmonary artery are elastic tubes surrounded by 
fibrous connective tissue as they leave the heart. The thick internal coat, 
continuous with the endocardium, contains elastic fibers. The muscle of 
the middle coat is more noticeable in infants and young individuals than 
jt is in adults. But the main feature of these great arter:es is the extensive 
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elastic-tissue development in the middle coat. Further description will 
be found in Chap. 10.^ 
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Blood Vessels and Lymphatics 


Xhe systems of tubes of various sizes that carry blood from the heart 
through the tissues and back to the heart again and the thin channels 
that convey lymph from the tissues to the heart should now engage your 
attention. You cannot well avoid observing the blood vessels; in fact, you 
have already encountered them many limes. You may not have seen the 
lymphatics, for they are more obscure than arteries and veins. Almost 
everywhere in the body, these blood and lymph vessels course in fibrous 
connective tissue. Conduction of vessels is one of the functions of connec- 
tive tissue. Not all parts of the body are supplied by lymphatics nor, for 
that matter, by blood vessels, although no living tissue component gets 
very far away from a blood supply. 

Blood vessels, except the very smallest, are always full of blood in the 
living body, but many of those you will see in histological preparations 
are empty. Tliis, you must remember, is a most unnatural condition. 
Blood-vessel walls, especially arterial walls, have great elasticity and con- 
tract when the heart stops beating. Figure 93 shows small blood and 
lymphatic vessels that have not collapsed at the time of death and fixation 
of the tissues. 

The largest blood vessels are constructed for the purpose of conducting 
blood. Those of intermediate size have taken on an additional duty, that 
of regulating blood flow and distribution. The smallest vessels are the 
vital ones. From them, the materials carried by the blood can get into 
the tissue fluid. They are the capillaries. 

CAPILLARIES^ 

Capillaries are simple endothelium-lmed tubes connecting arteries with 
veins. All vessels, and even the heart, begin in the embryo as capillaries, 

1 See Visual Aids, 9, 10, 16, and 21 
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adding layers of connective tissue and muscle as they develop. Capillaries 
are always small. They are about the size of a red blood corpuscle or a 



as they appear in instological secUom. A, capillary in lon- 
gitiidinal section, B and C, in cross section, red corpus- 
cles and a lymphocyte, I, in tfieir lumens, D, small venule, 
containing red corpuscles; E, lymphatic capillary with 
lymphocytes and coagulated lymph in its lumen Endo- 
thelial nuclei arc indicated at e 900 X • 

little wider, measuring 8 to 10/t in diameter. This is illustrated in Figs. 
93A, B, and C. 

Density of the capillary bed is variable in different tissues. It increases 
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or decreases from time to time in an organ according to degree of ac- 
tivity of the organ. The number of capillaries actually conducting blood 
at any time is inconstant, especially in organs that alternate periods of 



FIGURE 94 Small blood vessels in ihe human mesentery, spread upon a 
slide and stained with carmine. Photomicrograph, 150 X • 


work with periods of rest. In muscle at rest, most capillaries are closed, 
but after strenuous exercise, the number of open capillaries may increase 
as much as fiftyfold. Were all your capillaries open all the time, there 
would be little blood to fill your heart and you would die. 

The total area of capillary walls in skeletal muscle has been estimated 
at about 6,000 sq. meters. Furthermore, each cubic centimeter of blood 
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flowing through muscle makes contact with about 6,000 sq. cm. of capil- 
lary wall. That is where difFusjon of dissolved substances into the tissue 
fluid takes place. The appearance of a small portion of the capillary bed 
in the mesentery is shown in Fig. 94. 

The capillary wall presents a smooth Inner surface paved ivith endo- 
thelial cells, held to one anoUier with a little interstitial cementing sub- 
stance. Leucocytes can crawl info the tissues through this substance. 
Here, too, leakage of red blood corpuscles can take place abnormally. But 
remember, there are no holes in healthy capillaries. DilTusion of fluid and 
chemical substances is llirough a membrane. Tlie interstitial substance, 
blackened with silver, appears as in Fig, The cells have ovoid nuclei 
which stain rather pale ivith hematoxylin and resemble nuclei of fibro- 
blasts. Actually, the endotlielial cells and fibroblasts are very closely 
related. 

Sections through capillaries may cut a nucleus, which produces a bulge 
in the lining (Fig. 93A and B), 'Hiis makes them' easy to identify. When 
not sectioned through a nucleus, especially when they are collapsed and 
have no blood corpuscles in them, it is ustially impossible to distinguish 
all the capillaries m a histological section. 

Loose fibrous connective tissue containing tissue fluid is found around 
capillaries. The cells around capillaries are the usual connective-tissue 
cells: fibroblasts and macrophages. Ko mnscie or other contractile cells 
clasp them.* Capillaries do not contract actively of their own accord and 
have no motor nerve supply. Slightly larger vessels, precapillaries, on the 
arterial side of the capillary bed do have a few smootli-muscle cells in 
theic walk, and they can contact to regulate the flow of blood into the 
true capillaries. The capillary \val} is living protoplasm and will exhibit 
some Joe.!} contractility if probed by a micromanipulator needle, but that 
does not indicate active contractility.* 

The capillary connections between arteries and veins m the spleen, 
liver, bone marrow, and some endocarine glands are wide channels, up to 
30 and more in diameter. In these sinusoids, blood flow is very sluggish, 
and there is ample opportunity for macrophages clinging to their walls 
to phagocytize materials in the blood. 

- C«!l» cf B«uget on capiHarfes of Uie frog’s ntcUtaling membrane are said to con- 
tract actively, hut this is questioned. 

*Sce Vvsual Aids, 10 and 21. 
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PRECAPILLARIES 

The concept of the arterial precapillary is important because those who 
hold that capillaries contract are referring to this type of vessel. The 
arterial precapillary is the contracting capillary-like vessel between the 
smallest arteries and the true capillaries. The anatomist calls it an artery 
because its wall contains a few smooth-muscle cells. Some physiologists 
call it a capillary because it is scarcely larger than the smallest true capil- 
lary, In the living animal, it is very difficult to observe its muscular coat, 
which consists of only an occasional smooth-muscle cell, 

A venous preeapillary has been described by some authors, just to 
make the series complete. It is nothing more than a big capillary about 
to join a venule. 


MUSCULAR ARTERIES 

All arteries big enough to be seen without magnification have walls 
consisting of three coats: The internal, or tunica rntima, is the endo- 
thelial lining with some connective tissue beneath it. The middle coat, 
or tunica media, is formed by smooth-muscle and connective tissue, prin- 
cipally elastic, arranged mostly in circular fashion. The external coat, or 
tunica adventitia, is fibrous connective tissue with various other things in 
it, principally arranged longitudinally. The three coats are usually de- 
limited by elastic membranes, internal and external. 

Muscular arteries are sometimes called distributing arteries. They can 
regulate blood flow to different regions by contraction and relaxation of 
smooth muscles in their walls. They vary in size from vessels as big as 
the brachial or femoral arteries to those so small that they bear no spe- 
cific name. Although all adhere to the general plan just outlined, there 
is considerable variation to meet particular needs. One of the character- 
istics of muscular arteries is the ability to grow in size when the occasion 
demands. When circulation to a region is impaired by occlusion of the 
main arteries supplying it, smaller collateral arteries take over and in- 
crease in size to carry the necessary volume of blood. Another important 
protective characteristic is the ability to contract spastically when injured 
and thus prevent fatal hemorrhage. 

Arterioles: The very smallest arteries, arterioles, are members of the 
muscular artery class. They are the guardians of the capillary bed. The 
circular smooth muscle in their tunica media is extraordinarily sensitive 



MUSCULAR ARTERIES 


139 



FIGURE 95. Venules, v, and arterioles, a, in subcutaneous tissue; fat cells, f. 
Photomicrograph, 600 X . 


to calls for more or less blood. Motion pictures of their activities are 
better than descriptions.* 

The tunica intima consists of endotlielium and an internal elastic mem- 


See Visual Aids. 
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brane, which may be incomplete in tlie smallest arterioles. In cross sec- 
tions, the membrane appears as a corrugated, highly refractive line throw- 
ing tlie endothelium into folds which bulge into the lumen (Fig. 43). 
The adv’entitia is about one-third or one-fourth as thick as the muscular 
coat and merges with surrounding connective tissue. It is ill defined in 



FIGURE 96. Reticular fibers in arlenal walb. A, in the advenbha of a small 
muscular artery (longitudinal secbon) of the tongue of a kitten, B, in the 
media of the human aorta: e, endothebum; f, elastic plate of the aortaj i, in- 
ternal elasbc membrane, r, fine reticular fibers; m, muscle nucleus. 600 X . 

the smallest arterioles, in which the muscular coat consists of only two 
or three layers of short muscle fibers. Although a few elastic fibers ap- 
pear in the wall of the arteriole, no external elastic membrane can be 
seen. The smallest arterioles merge with precapillaries and capillaries. 
The upper size limit is arbitranly defined as 0.5 mm. Examples of arte- 
rioles are to be seen in Fig. 95 and in other illustrations in this book. 

Muscular arteries of larger size. The large and medium-sized muscular 
arteries have delicate connective tissue in a subendothelial layer of the 
tunica intima. The internal elastic membrane is a well-developed fenes- 
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FIGURE 97. Intercostal arlery and vein- A and B, he- 
matoxylin stain; C and D, stained for elastic fibers Arrows 
mark the boundaries between muscularis and adventitia. 
Photomicrographs, 130 X. 



142 


BLOOD VESSELS AND LYMPHATICS 



FIGURE 98 Femoral artery of a man, stained for elastic fibers. Com- 
pare %vith the femoral vein in Fig 102. Photomicrograpli, 130 X • 


trated membrane. A few special arteries contain some longitudinal 
smooth-muscle fibers m the tunica intuna. 

The muscle fibers of the tunica media are spirally arranged and may 


MUSCULAR ARTERIES -L^O 

form 20 to 40 layers, more in the arteries of the lower extremity than 
in the upper. Elastic fibeis are interspersed among muscle fibers. Some 
reticular fibers also are demonstrable (Fig. 96). The muscle fibers pre- 
dominate in the smaller muscular arteries, but the elastic fibers crowd in 



FIGURE 99 Human coron<iry artery, showing thick intima, i, and extra longitudi- 
nal smooth muscle at x, outside the media, m Photomicrograph, ISO X. 


among them in the larger vessels, like the external iliac arteries, so that 
no sharp line of demarcation exists between typically muscular and typi- 
cally elastic arteries. 

The tunica adventitia may be as thick as the tunica media. Elastic 
fibers occur next to the media in coarse netxvorks which condense to form 
the external elastic membrane. The fibious connective tissue has a longi- 
tudinal orientation, predominantly, and when smooth muscle occurs in 
the adventitia, its fibers are arranged longitudinally. The structure char- 
acteristic of small muscular arteries is shown in Figs 97A and C. A large 
muscular artery may be seen in Fig. 98. 

Muscular arteries, especially the larger ones, require a blood supply 
of their own. Consequently, vasa vasorom are encountered in the ad- 
ventitia. These are arterioles distnbuting blood to capillary beds in the 
tunica media. 

There are variations among the muscular arteries, not only in size 
but also in amount and distribution of elastic, collagenous, and muscle 
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fibers in the walls. The cerebral arteries are thin and look like veins. 
They have little elastic tissue except in the internal membrane and show 
only a meager adventitia. The branches of the pulmonary arteries also 
are thin-walled vessels with little elastic tissue. 

On the other han(i, the coronary artery walls are thick and have much 
elastic tissue, even an extra fenestrated elastic membrane, in the tunica 
media. A heavy tunica intima is commonly present. Longitudinal smooth 
muscle is sometimes found in the intima. A heavy outer longitudinal or 
spiral layer of muscle may be present, as may be seen in Fig. 99. Even at 
birth, coronary arteries of males are said to have thicker intima than 
those of females. 

At puberty the arteries of the penis undergo development of the intima 
and media, with longitudinal muscle appearing in the thickened intima. 
Similarly, bands of longitudinal muscle occur in the intima of the .uter* 
ine coiled arteries. The renal arteries exhibit an unusual amount of elastic 
tissue for their size. Arteries that are tortuous, like the splenic, and the 
large branches of elastic arteries are apt to develop longitudinal smooth 
muscle in the tunica adventitia. 

ELASTIC ARTERIES 

Elastic arteries are the large vessels that conduct blood by the shortest 
possible route to the distributing vessels. They are deeply placed and 
protected. This is well, as they cannot constrict to obstruct and obliterate 
their lumens when severed. Besides the aorta and pulmonary arteries, 
other elastic arteries are the innominate, common carotid, subclavian, 
and common iliac arteries. All resemble the aorta, but the smaller mem- 
bers of the group possess more smooth muscle and fewer elastic mem- 
branes. In branching to form smaller vessels, the structure changes gradu- 
ally to that of the muscular type. The only great conducting artery that 
is nonelastic is the highly muscular ductus arteriosus between the pulmo- 
nary artery and the aorta. That is disposed of in short order at birth when 
it contracts and becomes permanently obliterated. 

The tunica intima of the elastic arteries consists of the usual endo- 
thelium, with subendothelial tissue. It is thicker than in muscular arteries 
(less so in youth than in old age) and contains networks of elastic fibers 
as well as fenestrated elastic membranes. Usually there is no one distinct 
internal elastic membrane, but the several fenestrated membranes merge 
with those of the tunica media. 
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Tlie tunica media contains smooth-muscle fibers, mostly circular but 
some longitudinal. However, the muscle is inconspicuous because its 



FIGURE 100. Fenestrated elastic membranes in tlie aorta of a female lion 
cub; stained for elastic fibers. Spet^en in the Piersol collection Photo- 
micrograph, 600 X. 


cells are crowded apart by many fenestrated membranes and elastic net- 
works. There may be as many as 65 of these in the arch of the aorta. Sec- 
tions stained with orcein and other special elastic-fiber stains reveal the 
membranes to the best advantage (Fig. 100), but the membranes are 
clearly visible in ordinary preparations because of their size and high 
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FIGURE 101. Aorta of a man, in longitudinal section: A, stained 
for elastic fibers, B, the same preparation wtli hematoxylin stain. 
The intimal layer, t, contains two prominent elastic membranes, e; 
a small part of the advenbba, a, is shown in A; the rest of the wall 
is media. Photomicrographs, 130 X. 



VEINS 

refractive index. Compare Figs. lOlA and B. Nehvorks of reticular fibers 
occur among other elements of the tunica media. 

The tunica adventitiva of the elastic arteries is relatively thin. It is 
tough and serves a good purpose in limitiiig the amount of dilatation of 
the tunica media,_It is made up of collagenous fibers arranged in long, 
loose spirals. Among these are small Wood vessels, the vasa vasorum. The 
adventitia merges with surrounding loose fibrous connective tissue. 

The walls of elastic arteries are much thinner in relation to size of 
lumen than arc those of muscular arteries. By virtue of their great elas- 
ticit)', they act as shock absorbers or compression chambers, smoothing 
out the flow of blood by dilating passively willr each systole and resuming 
their original diameter during diastole of the heart. VVere it not for their 
elastic constniction, blood would move intermittently, instead of con* 
tinuously, through the small vascular channels. As a matter of fact, in 
extreme degrees of sclerosis* of clastic arteries, the pulse can be observed 
in capillaries, although it is never visible there normally. 

VEINS 

\^eins are the comparatively thin*\val!cd tubes that conduct blood from 
the capillary bed back to the heart. Because the returning blood flows 
more slowly and is under less pressure than in the arteries, the lumen 
of veins is greater and the amount of elastic tissue in their walls is re- 
duced, Veins do not adhere closely to the general blood-vessel plan. Some 
depart markedly from it. Since most are simply conducting tubes, they 
are formed principally by fibrous connective tissue. The reduced blood 
pressure calls for no strong fenestrated elastic membranes. A throttling 
and distributing mechanism is undesirable in most veins. Correlatively, 
there is little circular smooth muscle. In many places there is none. 

Special mechanisms develop in veins, aiding the return of blood to 
the heart. These are valves and longitudinal bands of smooth muscle, 
most prominent where the force of gravity is to be overcome. 

Venules.- Little veins are called venules. The smallest ones look much 
like large capillaries, but their walls have some fibrous connective tissue 
forming a thin layer outside the endothelium. They function like capil- 
laries and permit diffusion into the surrounding tissue fluid. Venules 40 
to 50 in diameter have a few isolated smooth-muscle cells wrapped cir- 
cularly about them. A complete vascular tnnica is absent in venules 
« Degenerative reptacement of elastic by inelastic fibrous tissue. 
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smaller than 0,2 mm. in diameter. Little veins of this size have relatively 
thick adventitial coats. 

Veins of 7ncdilim and large size: htediura-sized veins .usually course 
with muscular arteries. They vary structurally in different locations. A 
tunica intima is thin in the smaller members of this group (Fig. 97) and, 
although elastic iibeis can be demonstrated, a true internal elastic mem- 
brane is lacking as a rule. It is difficult to see a dear division behveen 



FIGURE 102. Human femoral vein: stained for elasb’c fibers. The approxi- 
mate junction of media and adventitia is 15 nim. below the lumen. Photo- 
micrograph, 130 X . 


tunica intima and media in most veins. The femoral vein is shown in 
Fig. 102. 

Valves occur as folds of the tunica intima in most veins as large as 
2 mm. in diameter or more which are conducting blood against the force 
of gravity. They are absent in some of the visceral veins and in all those 
of the brain, spinal cord, and meninges. They are illustrated in Fig. 218. 

The tunica media of veins is thin in contrast with that of accompanying 
arteries (Figs. 98 and 102). It may be absent altogether. It consists of 
circularly arranged smooth-muscle fibers with some fibrous connective tis- 
sue, but the number of elastic fibers is small. Veins of the lower extremi- 
ties, pulmonary veins, and the veins of the gravid uterus exhibit a well- 
developed layer of smooth muscle in the tunica media. Veins of the 
cranium, the retina, the bones, and those of the deep layers of the mater- 
nal placenta have no muscle at all. The tunica media is missing in the 
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FIGURE 103 Inferior vena cava of a man, abdominal 
portion: circular smooth muscle may be seen at tlie ar- 
row; the rest of the wall is made up of connective tissue 
and longitudinal bundles of smooth muscle Preparation 
by Mr. James Ranldn. Photomicrograph, ISO X. 
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smaller than 0.2 mm. in diameter. Little veins of this si 2 e have relatively 
thick adventitial coats. 

Veins of medium and large size: Afedium-sfzed veins usually course 
with muscular arteries. They vary structurally in different locations. A 
tunica intima is thin in the smaller members of tliis group (Fig. 97) and, 
although elastic fibeis can be demonstrated, a true internal elastic mem- 
brane is lacking as a rule. It is diiBeult to see a clear division betu’een 



FIGURE 102. Humnn femoral vein: slamed for elastic fibers. The approxi- 
mate /iinction of media and adventitia is 15 mm. below the lumen. Photo- 
micrograph, 130 X . 


tunica intima and media in most veins. The femoral vein is sho%vn in 
Fig. 102. 

Valves occur as folds of the tunica intima in most veins as large as 
2 mm. in diameter or more which are conducting blood against the force 
of gravity. They are absent in some of the visceral veins and in all those 
of the brain, spinal cord, and meninges. They are illustrated in Fig. 218. 

The tunica media of veins is thin in contrast with that of accompanying 
arteries (Figs. 98 and 102). It may be absent altogether. It consists of 
circularly arranged smooth-muscle fibers with some fibrous connective tis- 
sue, but the number of elastic fibers is small. Veins of the lower extremi- 
ties, pulmonary veins, and the veins of the gravid uterus exhibit a well- 
developed layer of smooth muscle in the tunica media. Veins of the 
cranium, the retina, the bones, and those of the deep layers of the mater- 
nal placenta have no muscle at all The tunica media is missing in the 



LY^^PIIATIC VESSELS 


151 


mechanisms to aid in regulating peripheral blood flow and decreasing 
peripheral resistance.** 

Most arteriovenous anastomoses are located in the skin of exposed 
parts of the body and in the walls of the intestinal tract, where they serve 
to reduce blood flow through the mucous membrane when digestion is 
not in progress. In the skin, they are prevalent in the nose, lips, finger 
tips, and toes, but especially in the nail beds. Tlie cavernous spaces of 
erectile tissue are a type of arteriovenous anastomosis. 

A highly developed arteriovenous anastomosis is illustrated in the 
coccygeal body (Fig. 104). This consists of a group of anastomoses ar- 
ranged in a mass of dense fibrous connective tissue. Tlie walls of anasto- 
mosing vessels are thick and muscular to make possible a complete occlu- 
sion when not needed. The smooth-muscle cells are short and somewhat 
hypertrophied. They are abundantly supplied with motor nerve fibers, and 
some sensory endings occur among them. 

CAROTID BODIES 

The carotid body is a small glomus at the bifurcation of the common 
carotid arteries resembling the coccygeal body. It is not an arteriovenous 
anastomosis but is a series of irregular cords of epithelioid cells closely 
associated with wide capillaries, which receive blood from a small branch 
of the carotid artery. A rich sensory nerve supply is provided by a branch 
of the glossopharyngeal nerve. The carotid body is a chemoreceptor 
(page 193), responding to changes in the chemical composition of the 
blood passing through its capillaries. Although its structure is suggestive 
of endocrine organs, no internal secretion is kno\vn. 

The carotid body should not be confused with the carotid sinus, which 
is a dilatation in the wall of the internal carotid artery at its origin. The 
carotid sinus has a rich network of pressor-receptor nerve endings (page 
193) in the outer part of its wall adjacent to the thinned tunica media 
These respond to changes in blood pressure. 

Two other structures like the carotid body, which also arise in relation 
to aorta arches of the embryo, are the aortic and supracardial bodies. 

miPHATIC VESSELS 

A system of closed lymphatic vessels, starting as blind capillaries in 
the various tissues of the body, serves to pick up fluid and take it back 
® See Visual Aids, 20. 
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superior vena cava as well as in much of the inferior vena cava fFi? 
103). ® 

The adventitia is the thickest coal of the veins.- It is formed largely by 
fibrous connective tissue hut contains longituclin.'il smooth-muscle fibers 
in many locations. Elastic fibers occur, too, although no external elastic 
membrane is present. The venae cavae and other large veins have much 



FIGUHE 104. Artenovenous anaslomoses (4 channels) in the human coccygeal 
body. Smooth-muscle nuclei ol ver>' short muscle fibers are numerous, giving the 
vessel walls an endocrine appearance. Specimen In the Piersol collection. Photo- 
micrograph, 300 X. 

rather evenly distributed longitudinal smooth muscle in the ad\’cntitia 
(Fig. 103). Prominent longitudinal bundles of muscle are also found in 
the outer coat of the portal and renal veins and give an especially lop- 
sided appearance to the suprarenal veins. 

AHTEmOVENOUS ANASTOMOSES 
Capillaries connect arteries and veins in most tissues of the body, but 
they are not the only ways by wlncb blood circulates Sinusoids, forming 
another type of connecting link, haw been mentioned. In many locations, 
arterioles anastomose directly with wnules and provide short-circuiting 
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the course of the collecting lymphatic vessels. The fluid conveyed by 
most of the capillaries and smaller collecting vessels is clear and re- 
sembles blood plasma. After passing lymph nodes it contains lympho- 
cytes. Lymphatic vessels in the villi of the small intestine and m the 
mesenteries are called lacteals. They hold white lymph, called chyle, 
during digestion of a fatty meal. A good way to see lymphatic capillaries 
and collecting vessels is to feed an animal cream and subsequently open 
its abdomen under an anesthetic to observe lacteals. 

Lymphatic capillaries are composed of endothelial cells held together 
by a minimum amount of interstitial substance. They closely resemble 
blood capillaries, although they are a little wider and usually appear 
collapsed in histological preparations. Lymphatic capillaries branch and 
anastomose to form plexuses in the loose fibrous connective tissue. In the 
skin, these tend to be more deeply placed than the blood capillaries. 

Collecting lymphatic vessels receive lymph from the capillaries and con- 
duct it through lymph nodes into the large lymphatic ducts. Small col- 
lecting lymphatics resemble venules. A comparison is shown in Figs. 93D 
and E; also in Fig. 105. See how thin they are. Three coats can be recog- 
nized in those greater than 0.2 mm. in diameter. The layers are incom- 
plete in the medium-sized lymphatic vessels. The tunica intima is formed 
by endothelium and a little delicate fibrous connective tissue. The tunica 
media has circular smooth-muscle fibers arranged in spirals. 

Proportionally more circular muscle occurs m the larger lymphatic ves- 
sels than is found in veins of comparable size. The tunica adventitia is 
principally fibrous connective tissue with a few longitudinal muscle fibers. 
There are few elastic fibers. Numerous valves are formed by folds of the 
tunica intima of all the collecting lymphatic vessels. 

The boundaries between the three coats of the large lymphatic ducts 
are rather indistinct The thoracic duct, illustrated in Fig. 105B, is the 
greatest of the lymphatic vessels and closely resembles a vein. It and other 
large lymphatic vessels are supplied with blood vessels and motor nerve 
endings for their scanty smooth muscle. 

Since lymph arises in blind capillaries, it is not propelled by the force 
of the heart beat. It is moved by the contraction of skeletal muscles in the 
vicinity and by tissue fluid pressure generated by filtration of fluid 
from the blood capillaries. Lymph flow is relatively sluggish, and lym- 
phatic pressures are slight. Some active contraction of larger lymphatic 
vessels is rhythmical and may aid in moving the fluid.^ 

’ See Visual Aids, 22. 
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to the subclavian veins at the root of the neck. A few organs, notably 
the central nervous system and the bone marrow, lack lymphatic vessels. 



FIGURE 105 Lymphatic vessels: A, lymphatic capilLuy full of 
IjTiipliocytes (left), and venule containing a little blood (rigiit) in 
the stroma of a human tonsil, B, thoracic duct of a monkey. Plioto- 
micrographs, 300 X; B, 130 X. 

Lymphatics in skeletal muscle appear to be confined to the connective- 
tissue septa. Tliey are absent in liver lobules and around lung alveoli. 
Lymph nodes, the places where lymphocytes are formed, occur along 




CHAPTER 11 


Lymphatic Tissue and Organs 


Loose connective tissue harbors slightly differentiated cells comparable 
with those of embryonic mescncliyme. In places where tliese are numer- 
ous, they constitute reticular tissue. Tlie cells of reticular tissue can be- 
come any one of a number of types, notably fibroblasts, maciophages, 
and hemocytoblasts. Tlie loose connective tissue beneath the epithelium 
of the digestive tract, and to a lesser extent that in the respiratory tract, is 
full of reticular cells, reticular fibers, and lymphocytes. Many lympho- 
cytes may come from other places by way of the blood stream, but some 
are formed there. Foci of generation of lymphocytes ai e present beneath 
the epitlielium, from the tonsils tlirough the large intestine. 

LYmUATlC TISSUE AND NODULES 
belicular cells, with their outstretched processes, construct a meshwork 
in the subepitlielXal layers of the digpsbLve. txact- This is htied with. tLssue 
fluid swarming with lymphocj’tes which either float or become lodged 
among the branching processes of the reticular cells The combination of 
reticular tissue and lymphorytes is called diffuse lymphatic tissue. Many 
of the reticular cells forming its stroma possess delicate reticular fibers. 

Some reticular cells differentiate into macrophages. Others become 
blood-forming cells, the hemocjftoblasts, whiclr ordinal ily give rise only 
to the lymphoc)'tic line in this location. Where the immediate derivatix es 
of hemocytoblasts, lymphoblasts, accumulate in diffuse ^nuphatic tissue, 
little centers for genesis of more lymphocytes are formed Tiicsc are 
called lymphatic nodules f Fig. 106), Frequently you udl encounter soli- 
tary nodules, but occasionally the\’ are found in groups or aggregate 
nodules, as m the tonsils (Fig 192), intestine, and vermiform appendix. 
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A feature of the diffuse lymphatic tissue beneath epithelium is mi* 
gration of its lymphocytes into the epithelium and on tlirough it into the 
lumen of the organ. This migration may be so extensive that the epi- 
thelium appears eroded, as it does in the crypts of the tonsils {Fig. 193). 
In other regions, it may involve only a few lymphocytes. It fluctuates 
\videly with varying conditions in the digestive tract, but it is never insig- 



nificant. More dramatic than the suicidal migration of the lemmings, 
hundreds of millions of lymphocytes crawl through the interstitial sub- 
stance of the intestinal epithelium each day and plunge mto the diges- 
tive flood. 


UMPH mOES 

Lymph nodes are encapsulated masses of lymphatic tissue measuring 
from 1 to 30 mm. in diameter, often found in groups along the course 
of lymphatic vessels. They are easily seen in dissection of the mesenteries 
and in the a.u'IJa and groin; Ihej’ occur in many other places as well. They 
are little organs made up of a fibrous connective-tissue and reticular- 
tissue stroma and a p.arenchyma of lymphocytes. Arterioles and venules 
enter the lymph node at an indentation, called the hilus, and course 
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LYMPHATIC TISSUE AND ORGANS 
Formation of lymphocytes is not confined to the lymphatic nodules but 
can occur in diffuse lymphatic tissue. Lymphopoiesis was described in 
Chap. 4. 

Lymphatic nodules are absent at birth and are inconstant in the adult. 
You may be certain of finding them present in many locations, but those 
in existence today may not remain tliroughoiit life. They wax and wane, 
appearing in one place now and disappearing later. 



FIGURE 106, Diffuse lytnphabc tissue and lymphatic nodules in a longitudinal 
section of die human appends. Spedmen from Prof. R. F. Becker. Photomicro- 
graph, 40 X . 


A lymphatic nodule starts to form, some say, in response to an inflam- 
matory reaction in which there is an active proliferation of a small focus 
of lymphoblasts or large lymphocytes in diffuse lymphatic tissue. Since 
lymphoblasts have more cytoplasm and less chromatin in their nuclei 
than small lymphocytes, the proliferating group, or germinal center, will 
appear more lightly stained than the surrounding diffuse lymphatic tis- 
sue. As the proliferative process goes on, a marked ring of small dark 
lymphocytes may appear around the germinal center because of growth 
pressure (Fig 106). 

Regression of lymphatic nodules occurs when proliferation of the lym- 
phoblasts ceases. The last divisions produce small lymphocytes which 
then come to occupy the germinal center. The whole region stains darkly 
again. A peripheral ring of lymphotytes vanishes when growth pressure 
is removed. Intense activity may temporarily leave a pale reaction center 
filled with reticular cells and macrophages. 


LYMPH NODES 




ules with germinal centers (Fig. 108). DilFuse lymphatic tissue passes 
in from the cortex toward the hilus to form medullary cords. Surround- 
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tliroughout the interior in fibrous connective-tissue trabeculae, which are 
septal projections of the capsule. 

The capsule and trabeculae of the lymph node are dense fibrous con- 
nective tissue containing a few smooth-muscle cells occasionally. Small 
nodes have slight trabeculae. Large nodes have heavier bands and septa 

rafferent lymphatic fat t 
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cortex medulla efferent lymphatic in hilus 

FIGURE 108. Lymph node m the human mesentery sectioned dirough die bdus. 
Photomicrograph, 10 X . 

of connective tissue to break the lymphatic tissue into compartments. 
Trabeculae carry the blood vessels and a few neiwe fibers. They form 
the major skeleton of the lymph nodes, as shown diagrammatically in 
Fig. 107. 

The finer framework, or stroma, is formed by reticular cells and fibers 
just as in other lymphatic tissue Reticular fibers become continuous with 
collagenous fibers at the capsule and trabeculae, where the reticular 
stroma is particularly well defined. 

Lymphatic tissue of lymph nodes is usually divisible into an outer more 
compact cortex and an inner looser medulla. The medulla reaches the 
surface only at the hilus. The cortex contains a variable number of nod- 




The thymus consists of many lobules of lymphatic tissue separated by 
fibrous connective tissue containing blood vessels and lymphatics. The 
stroma is formed by reticular cells and fibers. The parenchyma is made 
up of lymphocytes.* In other words, the organ is made of the same kind 
of tissue as the lymph nodes. However, it differs markedly from lymph 
nodes in a number of particulars. It lacks lymphatic sinuses, and there 
are no afferent lymphatic vessels going to the thymus 
The cortex is sharply delimited from the medulla (Fig. 110). It is 

‘ Because the thymus develops from the third hraoclHal pouches of tlie embryo and 
Is thus entodermal. some writers are loath to consider its stroma as a true reticuUr 
tissue. Similarly, they do not wish to regard the parenchymal cells as lymphocytes but 
noncommittally call them ihytno<yt»». 
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LYMPHATIC TISSUE AND ORGANS 
channels through which lymph circulates slowly. In addition to the primi- 
tive nonphagocytic reticular cells lining them, many macrophages are 
found there. Some of the macrophages are attached to the walls of the 
sinuses, and others are free. Sinuses are illustrated in Fig. 109. 

Lymph enters the peripheral cortical sinuses from afferent lymphatic 
vessels which perforate the capsule. Endothelium of these vessels merges 
with the reticidar lining nehvorje of the lymphatic sinuses. Valves occur 
in the afferent vessels near their entrance into the nodules. Lymph filters 
through the system of cortical and medullary lymphatic sinuses, where the . 
macrophages have opportunities to phagocytize foreign material, bac- 
teria, etc. 

Lymph lea\'es the lymph nodes at the hilus by way of efferent lym- 
phatic vessels. These, too, possess valves, permitting lymph to flow only 
away from the node. If the lymph entering the node has not previously 
passed through lymphatic tissue, it is almost noncellular; but it leaves 
with many lymphocytes which it has gathered in the sinuses. Afferent 
and efferent lymphatics are shown in Figs. 107 and 108. 

Lymph nodes produce lymphocytes. They also serve as stations for 
phagocytosis by macrophages. However, do not depend too much upon 
this latter function, for the macrophages of lymph nodes do not stop all 
bacteria, viruses, foreign particles, and cancer cells that come their way. 
By-passes may exist. It is more important to think of lymphatic vessels 
and their nodes as a system along which infection can quickly spread 
than to rely upon the lymph-node macrophages to stop infections. 


TONSILS 

The structure of tonsils will be considered in Chap. 17. They are masses 
of lymphatic tissue containing aggregate nodules beneath the epithelium 
of the pharynx The palatine tonsils are encapsulated organs. The pharyn- 
geal and lingual tonsils are nonencapsulated. All possess crypts of epi- 
thelium which extend into their substance and which exhibit lympho- 
cytic infiltration to a marked degree. No afferent lymphatic vessels enter 
the tonsils, but efferent vessels convey lymphocytes away from them 
(Fig. 105A). 

THYMUS 

The thymus is a mass of lymphatic tissue in the upper thorax, located 
in front of the pericardium and great vessels at the base of the heart. It 
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in old age, thymic corpuscles exist, and a little lymphatic tissue is found 
around them. The form of the organ is maintained by the replacing fat. 
Figure 112 illustrates involution of the thymus. 



FIGURE 112 Thymus of 39-yeAr»old man, showing involution and replace- 
ment by fat. Compare with Fig 110. Photomicrograph, 25 X . 


SPLEEN 

The spleen produces lymphocytes and destroys red blood corpuscles. 
It contains the largest amount of lymphatic tissue in the body. It is very 
different from other lymphatic organs because its sinuses are filled with 
blood instead of lymph. In the embryo the spleen produces led blood 
corpuscles for a while but does not normally do so after birth. Although 
its functions are of considerable importance, they are shared with other 
organs, and so the spleen is not indispensable. Its histological complexity 
is disproportional to its importance. 

The spleen has a very heavy capsule. This and its trabeculae are com- 
posed of dense fibrous connective tissue containing unusually great num- 
bers of elastic fibers and a good many scattered groups of smooth-muscle 
fibers The muscle fibers are partly responsible for the rhythmical changes 
in splenic volume. A hilus admits the splenic arteries, veins, and nerves, 
all of wliich course for some distance in the system of branching tra- 
beculae. 



LYMPHATIC TISSUE AND ORGANS 
formed by dense masses of lymphocytes enmeshed in rather scanfy 
stioraa. The medulla contains many reticular cells but fewer lympho- 
cytes than the cortex. Macrophages are present. Lymphatic nodules and 
germinal centers are usually absent. 
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The trabeculae break the spleen up into a series of compartments or 
lobules which are filled with the splenic red pulp, lied pulp is modified 
lymphatic tissue of the diffuse type, arranged in poorly defined cords ac- 
companied by the peculiar splenic venous sinuses. Traversing the lobules 
of red pulp are the arteries of the spleen, some of which have more com- 



FIGURE 113. Spleen of man. Note the heavy capsule and trabeculae {light 
bands), the splenic corpuscles (d.ark spots), and red pulp (main gray bulk). 
Photomifrograph, 23 X • 


pact masses of lymphocytes about lliem, forming the white pulp. In cross 
sections, the white pulp appeare as circular masses, called splenic nod- 
ules, whidi are the dark spots in Fig. 113. Some of these possess germinal 
centers. 

Branches of tlie splenic artery enter the hilus and undergo further 
branching, which distributes them throughout the trabecular system. 
These trabecular arteries are of the small muscular t)pe. Their adven- 
titial coat blends with the dense fibrous <»nnective tissue of the trabecu- 
lae. They are accompanied by trabecular veins draining the spleen. 

When the arteries leave the trabeculae, the fibrous adventitia is re- 
placed by reticular connective tissue, which becomes packed with lym- 
phocj'tes to form the white pulp. These little vessels, eccentrically placed 
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LYMPHATIC TISSUE AND ORGANS 
adventitia. These are the pulp arterioles. When the muscle disappears 
with fiu-ther branching, a peculiar thickened wall appears as a conse- 
quence of addition of concentrically arranged reticular cells adjacent to 
the endothelium. These vessels are called sheathed arterioles; they are 
less prominent in man than in some other species. Arterial capillaries are 



FIGURE 115 Splenic sinuses and red pulp: e, red corpuscles in 
pulp, I, thin cytoplasmic portions of cells lining a splenic sinus; m 
and s, macrophages in the pulp and in a sinus; p, plasma cell; r, retic- 
ular cell. 900 X . 

the finest ramifications of the arterial tree. They connect with the venous 
sinuses and with collecting venules coursing in the red pulp. 

Splenic sinuses are wide channels wth thin walls formed by elongated 
cells that bulge into the lumen. These cells resemble the staves of a 
barrel. Circularly arranged reticular fibers form the hoops. The lining 
cells ( littoral cells ) are not endothelial but are macrophages. The sinuses 
occupy much room in the red pulp, crowding the cords of loose lymphatic 
tissue, as seen in Figs. 115 and 116. They connect with small venules in 
the red pulp, which, in turn, drain into larger venules in the trebeculae. 
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Tlie walls of splenic sinuses appear to be intact in tlie living animal. 
Most blood corpuscles are confined within them. However, tliese walls 
are extraordinarily fragile, and removal of the spleen for its histological 
preparation induces extravasation of blood into the red pulp. This makes 
it difficult to differentiate between sinuses and pulp cords in histological 
sections. 

Results of investigation of the circulation tlirough the splenic pulp are 
contradictory. Some lead to the view that the sinus walls normally are 
lattice-like and permit red corpuscles to pass freely out among the macro- 
phages and lymphocytes of the splenic cords. However, closed venous 
sinuses have been observed in living animals, and it would seem that the 
successful positive observation of them should outweigh other negative 
evidence. Under normal healthy conditions, the sinuses are filled with 
blood that becomes stagnant, permitting some of the plasma to seep 
through their very thin walls. A few red corpuscles, perhaps only those 
whose useful lives are over, accompany the plasma out into the pulp. 

Intermittent closure of the venules permits engorgement of the splenic 
sinuses and subsequent concentration of the formed elements of the blood, 
at which time some of the plasma filters out of the walls. The volume of 
the spleen increases when many sinuses become filled with blood. Large 
volumes of red corpuscles can be stored in this way. Contraction of the 
smooth muscle of the splenic capsule and trabeculae, as well as contrac- 
tion of the arterioles, accompanied by the opening of the venous channels 
through the spleen, provides means of quickly adding corpuscles to the 
circulation. 

Red corpuscles that have become spent after their one hundred or more 
days in circulation are apt to be destroyed in the spleen. Macrophages 
lining the sinuses can phagocytize them or can pass them on to the macro- 
phages in the splenic cords of lymphatic tissue. Stages in red corpuscle 
destruction are easily seen in routine sections of the spleen. Macrophages 
of many different appearances can be observed. Stages intermediate be- 
tween lymphocytes and monocytes and between monocytes and full- 
grown macrophages will be encountered. 

The spleen is one of the greatest sources of lymphocytes, but there are 
no lymphatic vessels to carry them away. Although a very few small Ijan- 
phattes occur in the capsule, they do not drain the pulp. Lymphocytes 
make their way from the splenic nodules, where most of them arise, into 
the splenic cords. Thence, they crawl through the thin walls of the splenic 
sinuses into the sluggish or static blood stream. 
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processes are less than 1 mm. long, or only about two hundred times as 
long as the diameter of their cell bodies. 

Neurons are the structural units of nervous tissue, but these units al* 
ways function in cooperating groups and chains, one receiving and pass- 
ing the excitation on to another until finally somewhere in the body an 
effect is manifested. Reflex ores are the physiological units. One of the 
processes of a neuron ordinarily conducts toward another neuron in a 
reflex arc or toward an effector organ like a muscle, outside of the nervous 
system. That process is the axon. Most neurons have numerous other 
processes, shorter than axons, which ordinarily conduct toward the cell 
center. They are the dendrons. The junction of one neuron with the next, 
a simple contact between two plasma membranes, is designated the 
synapse. 

Neurons exhibit greater variety of shapes and sizes than any other kind 
of cell. The smallest are only about 5 the largest, 200 n in diameter of 
the cell body. The smallest usually have thin and short axons, the largest, 
heavy and long axons. Various shapes will be seen in illustrations accom- 
panying this chapter, especially in Figs. 117 to 119. 

Neurons are long-lived and hardy. Specialized to the extreme, they 
have lost the power to divide. Although centrosomes have been observed, 
there is no evidence that cell division occurs after the first year post- 
natally. As though to compensate for inability to provide replacements, an 
enormous excess of neurons exists in some parts of the nervous system. 
You utilize only a fraction of those you have and never miss the loss of 
one here and there. Neurons do die in the process of aging. They are 
not replaced. It is remarkable that so many live for so long. Tliey are 
more resistant to the ravages of lime and a succession of insults by nox- 
ious agents than many others of the body's cells. Yet they are remarkably 
sensitive to traumatic injury to their processes and do their best to repair 
such injuries. They cannot tolerate, even briefly, an environment lacking 
oxygen. 

Neurons are not the only cells of nervous tissue. Closely associated with 
them in the central nervous system are others known as neuroglia. They 
are not found outside the central nervous system, but another type of 
nonnervous cell does occur in the ganglia and nerves of the peripheral 
nervous system. It is the neurolemma cell, which takes part in forming 
capsules of nerve cells in the ganglia and sheaths on the nerve fibers. 
Neurons, neuroglia, and neiirolemma have a common embryonic origin 
from the ectoderm of the neural tube and neural crest. 



CHAPTER 12 


Nervous Tissue and the 
Peripheral Nervous Syste7n 


xNcrvous Hssue is the one of the fundamentaj tissues to be consid- 
ered. It is formed by neurons and associated cells, the neuroglia, and the 
neurolemma. The nervous system is the sum total of all nervous tissue. 
Although it comprises only about 3 per cent of the weight of your body 
and is mainly water, it is most important The greatest accumulation of 
nervous tissue forms the central nervous system, i.e., the brain and spinal 
cord, and is contained within tough fibrous membranes. Elsewhere, in the 
peripheral nervous system, it exists in association with connective tissue, 
muscle tissue, and epithelial tissue. It is every\vhere supplied Nvith blood 
vessels. The interstitial substance of nervous tissue is tissue fiuid which, 
in and around the brain and spinal cord, accumulates in a measurable 
quantity of cerebrospinal fluid. 


ELEMENTS OF NEBVOUS TISSUE 
Neurons, the most sped.ilized cells of nervous tissue, possess to a high 
degree two of the fundamental properties of protoplasm; capacity to 
react to stimuli, and ability to conduct an excitation rapidly to distant 
portions of their cytoplasm. 

Neurons have adapted themselves to the need for distance conduction 
by extending extraordinarily thin protoplasmic processes, their axons and 
dendrons. The longest neuron process, although only a few microns 
thick, may course for a distance of a meter. Such a process is some sixtj' 
thousand times as long as the diameter of the cell at its nucleus. Other 
170 
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Because the processes of neurons commonly extend for considerable 
distances away from the cell body, it is rarely possible to observe a 
neuron in its entirety in histological secrtions. The bodies of neurons tend 
to be grouped in clusters Avithin the brain, as well as in ganglia outside 
the central ner\’oas system. Their processes lend to run parallel to one 



FIGURE 118 Cerebellar neurons of three types illustrating m.\rlce<l van- 
ahons; b, basket cell, g, granule cells, p and p', Purkinje cells, a, aron; c, col- 
lateral branches of axon. Golgi stain, semidiagrammatic 


another in bundles comprising the fiber tracts of the brain and the nerves 
of the peripheral nervous system. Consequently, it is convenient to study 
nerve-cell bodies and nerve-cell processes separately, speaking of them, 
respectively, as nerve cells and nerve fibers. Do not let this artificial sepa- 
ration lead you into any misconception. Nerve fibers are parts of nerve 
cells. 

Nerve cells and nerve fibers can be seen in preparations stained with 
the usual dyes, such as hematoxylin and eosin, and it is desirable to be 
able to recognize them when you encounter them in various organs. A 
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FIGURE 117. Neurons (diagram and cell) of three types found in the 
peripheral nervous system- A and A', bipolar neurons of the acoustic 
ganglion, B and B', unipolar neorcm of other craniospinal ganglia; C 
and C', multipolar neurons of aotonotrac ganglion; a, axon o' , proems 
common to axon and dendron, d. dendron. Arrows in the diagrams in- 
dicate direction of conduction. 
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Nucleus: The nerve cell nucleus has a rather characteristic appearance, 
which varies only a little with size and shape of neurons. The usual type 
of nucleus is vesicular and poor in chromatin. It has a well*developed 
nuclear membrane. The feature of greatest prominence in the nucleus is 
the nucleolus, although usually single, two are not uncommonly seen. 
The nucleolus is a spheroidal body of homogeneous appearance which 
stains brilliantly and metachromatically- with some basic dyes used in 
Nissl methods. The ratio between nuclear size and size of cell body is 
fairly constant; large nuclei in large cells, small nuclei in small cells. 

Neurofibrih: Regardless of shape or size, all neurons possess neuro- 
fibrils in the cytoplasm. These exist in some form in living cells. They 
are best observed in the large nerve cells of the central nervous system 
stained by silver methods (Figs. 119 and 120). They appear as multiple 
delicate threads coursing across the cytoplasm from one process into an- 
other. They are quite prominent in nerve cells of young animals and 
fetuses. Neurofibrils are contained within each individual neuron and do 
not pass across synapses into others. Tlieir function is unknown. 

Chromophil substance: Flakes or granules of basophilic chromophil 
substance are present in the cytoplasm of nearly all nerve cells except, 
perhaps, the very smallest Various Nissl methods are used to display 
these particles, which are commonly designated Nissl bodies (Figs. 119 
and 120). The patterns that they form in the cytoplasm are definite and 
constant within groups of neurons of similar structure and function, but 
vary from one type of nerve cell to another. The patterns can be varied 
with different chemical solutions used to Ex tlie tissues. Although Nissl 
bodies have not been seen in livmg cells, there is indirect evidence that 
they represent some preformed substance there. It is not known what 
function they serve. 

Traumatic damage of nerve cells or nerve fibers causes dispersion or 
alteration in the pattern of the chromophil substance. Asphyxiation of 
nerve cells brings about its destruction and disappearance m a few hours 
The neurons are said to undergo chromololysis when their Nissl bodies 
disappear as a result of neuron damage. Somewhat similar changes ap- 
pear in nerve cells a few hours after death. These are frequently mis- 
taken for significant pathological manifestations. 

Nissl bodies are not found in all die processes of neurons They ex- 
tend some distance out into dendrons of large multipolar ner\'e cells 
(Fig. 120) but are not usually encountered in the axon. In fact, the 
® Staining in a tint different from that usually obtained. 
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great deal more can be learned about nerve cells and nerve fibers by using 
special staining methods, developed specifically for studying the nervous 
system. Neurological staining metliods fall into four main categories. First, 
there are the techniques that stain the basophilic chromophil bodies of 
the neuron cytoplasm. These are called the NissI stains. Second, there are 
the methods that bring out cytoplasmic neurofibrils, rendering visible the 
fine nerve fibers and terminaHons. We shall refer to these as the silver 
stains. In the third category there are the several sheath stains that color 
myelin sheaths of nerve fibers. Finally, a number of techniques have been 
developed for differentiating neuroglia. These are the glia stains. This is 
the barest possible outline of a subject on which volumes have been 
written. 

Your concept of nervous tissues gained by studying fixed and stained 
preparations is apt to be imperfect at best unless you can supplement it 
with observations on living neurons. Although it is doubtful if you your- 
self can prepare tissue cultures of nerve cells or even observe demon- 
strations of them, you may be able to see motion pictures of living, grow- 
ing nerve fibers.^ 


CYTOLOGY OF NERVE CELLS 

Nerve cells vary so widely in size and shape that selection of any one 
as a typical example for description of Its intrinsic structure is arbitrary. 
The smallest are smaller than a lymphocyte; the largest are visible to the 
naked eye. Some have many processes; others, only one. Globoidal, piri- 
form, spindle-shaped, pyramidal, and stellate nerve cells are encountered. 
Cells with many processes, i.e., multipolar neurons and particularly the 
stellate variety, outnumber other types. Among them, the neurons 40 n 
or more in diameter most clearly portray details of cell structure. Note 
especially Figs. 119A, B, E, and 120. 

Nerve cells lack a true cell wall but present a cytoplasmic surface to 
the surrounding tissue fluid. As in other types of cells, diffusion of meta- 
bolic substances takes place through this surface membrane. Transmission 
of nerve impulses occurs across it 

The cytoplasm, called neuroplasm, is viscous and looks homogeneous in 
the fresh condition. In it are the nucleus, organoids, and inclusions, which 
are found in all cells, and two particularly characteristic structiues, the 
neurofibrils and chromophil substance. 

1 Sge Visual Aids, 23 and 27. 
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FIGURE 120 Multipolar motor nexuons of the spinal cord: A, guinea pig, 

J5, newborn kitten Cbromophil aiibsLince stained hy NissI meDiot! in A; neu- 
rofibnls stained by silver metfiod in B Photomicrographs, 900 X . 

help butld no fiber tracts, but they ramify m the vicinity of the nerve 
cell. Long dendrons of unipolar and bipolar neurons of sensory ganglia 
have a structure exactly like the atons of these cells. 
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cytoplasm near the origin of the axon often lacics them. This dear cone- 
shaped region is called the oxen hillock (Fig. 119A), an inconstant 



small intprneurons of the spinal cord stained by NissI and silver 
methods; E. neuron of the cerebral cortex stained by silver; a, axon; 
a', axon hillock, p, pigment 900 X • 

structure even in the largest cells. Many small and medium-sized multi- 
polar neurons have no axon hillocks. 

Processes: The neuron processes that ordinarily conduct impulses to- 
ward the cell body are dendrons. Dendrons of sympathetic ganglion 
cells and of those within the brain and spinal cord are short processes. 
Many of them are extensively brandied. They acquire no sheaths and 
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neuron in a reflex chain. Tliis takes a little time, although very little; 
it delays transmission no longer tlian 0.006 sec. 


_ NERVE FIBERS 

The term nerve fiber is usually reserved for the long axon or the long 
peripheral dendron plus the sheaths they may acquire. The nerve fiber 
has a core, the axis cylinder of the fiber. Tliis is a drawn-out portion of 
the neuron cytoplasm and is made of viscous protoplasm. The cytoplasm 
of the axis cylinder is known as axioplasm. It is not a static material, 
for it flows out from the cell body. It contains neurofibrils but no cliro- 
mophil material. 

Many nerve fibers are sheathed axis cylinders. Throughout the entire 
nervxjus system, myelin sheaths are prcvale-nt Tijcy are made of a mix- 
ture of lipoids, which gives the living or freshly killed myelmoted nerve 
fiber its white, glistening appearance. Tlie white matter of the brain and 
spinal cord contains great numbers of tierve fibers with myelin sheat})s. 

Tliere are many more nerve fibers that have no myelin sheaths. They 
are the unmyelinated nerve fibers. As a general rule, they are the very 
tlnn fibers Thick ones acquire myelin sheaths. 

Certain structural details of myelin sheaths can be observed in pe- 
ripheral nerve fibers when appropriate methods are used to stain and 
observe them. Since myehn is Hpoidal, it is dissolved by the fat soh'ents 
used in most procedures. The solvents used in tlie silver method leave 
Only spaces where the myelin was located ( Fig. i22A ). The sheath stains, 
especially solutions of osmic acid, stain myehn dark, as shown m Fig. 
122B When viewed in longitudinal planes, it shows unstained diagonal 
clefts, the incisures (Lantermnnn) seen in Fig. i23A These liave been 
demonstrated in the sheath of the living fiber. After hematoxylin and 
other types of staining, a delicate netxvork of some refractive substance 
may appear in place of the myelin (Fig. 123B) This is called neuro- 
keratin and is probably nothing but the precipitated protein component 
of myelin. 

Outside of the central nervous system in the peripheral nerves and 
ganglia, all nerve fibers have an additional sheath, which is cellular It is 
formed by neorolemmo cells. The cytoplasm of these cells is stretched like 
sausage casing over the myehn sheath (Fig 123C). Neurolemma cell 
nuclei can be, seen along nerve fibers stained by the ordinary methods 
(Fig. 123B), but you will find it difficult to see the neurolemma cyto- 



178 


NERVOUS TISSUE AND THE PERIPHERAL NERVOUS SYSTEiM 

The processes of nerve cells that conduct away from the cell are 
axons. The vast majority of neurons of the brain and spinal cord give 
rise to axons that end within the brain and spinal cord. Other axons 
come into the central nervous system from the sensory ganglia. Only the 
motor neurons® send their axons out of the central nervous system, 



FIGURE 121. Synapses: A and B, climbing fibers and end 
bulbs on dendrons of Purkinje cells of the cerebellum, C, end 
bulbs on a motor neuron of the spinal cord. Silver stains. 


building the nerves. We shall consider these nerve fibers and their end- 
ings presently. 

Axons that terminate in the central nervous system branch repeatedly 
as they approach the groups of neurons with which they make contact. 
Their final endings appear as thin filaments clasping the bodies of neu- 
rons, running parallel to the branches of the dendrons or forming tiny 
loops, knobs, or end bulbs, which come to rest against the surface mem- 
brane of the cell body or dendrons (Fig. 121). These are mechanisms of 
the synapse, where nerve impulses arriving along the axon can create an 
excitation on the surface membrane of dendrons or cell body of the next 
3 And a very few sensory neurons of the trigeminal nerve. 
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plasm. The neurolemma sheath does not occur in the brain and spina! 
cord. 

On myelinated peripheral nerve fibws, each neurolemma cell covers a 



FIGURE 123. Ner\e fibers of penjvbcral nerves, te<isea i«eparaUon stained, 

A, with osnwc acid, B, %v«t!i hnnatoxybn after alcohol fixation to show nenro- 
heratin, C, by a special method to shoxv a ncviroJetnma cell c, capillary, e, 
endoneunum, /, fibroblasts, i, incisore, m, myelin, n, nodes, neurolemma 
nuclei, », unmyelinated filjCTS Figure A rs a diagram, rlrawings 8 and C, 

900 X. 

variable linear extemt of the fiber Wliere two cells meet, they constrict 
the myelin sheath at a node (Ranvier), shown in Figs, 123 to 125. Tlins, 
the peripheral myelinated ner\'e fibers resemble sausage chains whose 
links are long and thin. 

Tlie very thin unmyelinated penpheral nerve fibers often course in tiny 
bundles through syncytial strands of neurolemma cells. More rarely does 
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FIGURE 122. Nerve fibers of a peripheral nerve, cross sections stained, A, 
with Sliver for axis cylinders, B, with osmic acid for myelin sheaths, and C, 
with hematoxylin i, myelmj p, perineurium, s, neuroleinma nucleus; u, un- 
myelinated nerve fibers which cannot be seen in B or C. A and B, drawings; 
C, photomicrograph All. 900 X 
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an individual unmyelinated nerv’e fiber possess a separate sheath of its 
own. 

Nodes (Ranvier) break up peripheral myelinated nerve fibers into 
internodal segments. These are longer in tliick fibers than in thin ones. 



FIGURE 124. Nerve fibers of peripheral nerves in longitudinal sections, 

A, stained by silver, B, stained by connective-tissue staining technique: o, 
axis cylinders, black in A and gray In B; c, fibroblast nucleus; e, endoneu- 
num; m, myclm, n, node in myehn sheath; s, neurolemma nucleus. 900 X. 

Branches of myelinated nerve fibers occur only at nodes. Speculation 
concerning the function of the sheaths of the nerve fiber will be left to 
others. Certain it is that, by increasing the fiber diameter, the speed of 
conduction of the nerve impulse is increased. 

NERVES 

Nerves are bundles of nerve fibers coursing together in fibrous connec- 
tive tissue supplied with blood vessels and lymphatics. The fibers are of 
the myelinated as well as the unmyelinated varieties. All possess neuro- 
lemma sheaths. Nerves usually have several bundles (called fascicles). 
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Some small nerves are made up wholly of unmyelinated fibers. Others 
are entirely myelinated. The human optic nerve has myelinated fibers 
only. Incidentally, these lack neurolemma sheaths, for the optic nerve is 
structurally unlike the other cranial nerves, it is actually a fiber tract 
connecting the retina with the brain (page 226). 



FIGURE 127. Spinal ganglion, dorsal and ventral nerve roots and 
their union to form a spinal nerve. This is a photomicrograph, made 
many years ago by Prof. G A. Piersol, on a photographic emulsion 
of his mvn manufacture. 


GANGLIA 

Nerve cells grouped in the path of a nerve form a local swelling known 
as a ganglion. Most of the cranial and all the spinal nerves have ganglia 
near their connections with the central nervous system. Tliose in the cra- 
nium have specific names. Those on the spinal nerve roots are simply 
called spinal ganglia. One is seen in Fig. 127. Besides nerve cells, there 
arc neurolemma cells, fibrous connective tissue, blood vessels, l^TOphatics, 
and nerve fibers in a ganglion. 
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Each of these bundles is bound with dense fibrous connective tissue, the 
perineurium. The perineurium may send septa into the fascicle and partly 
subdivide it further. The several fascicles of a nerve are embedded in 
and surrounded by a somewhat looser fibrous connective tissue form- 
ing the epineurium. Connective-tissue components are shown in Fig. 125 



FIGURE 126. Nerve fascicles from a kitten’s tongue; silver 
carbonate stain Note tlie reticular Sbers of the endoneurium 
among the nerve fibers Tliese appear as fine black dots in 
A and as wavy lines in B. 900 X • 

(also 122C). Within each fascicle, individual nerve fibers are separated 
from each other by wisps of delicate connective tissue containing some 
reticular fibers. This is the endoneurium (Figs. 123B and 126). Blood ves- 
sels and lymphatics that supply nerves pass into the fascicles over peri- 
neurial septa and break up into branches with longitudinal orientation. 

Nerves vary in fiber composition. The spinal and some cranial nerves 
have fibers of many sizes. Nerves may serve many different functions. 
However, each individual fiber has only one specific functional capacity. 
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The process of each cell pursues a tortuaus course for a short distance 
near the cell, winding about to fonn what is called a glcmerolos (Fig. 
Ii9). The one process of a unipolar ganglion cell divides into two 










FIGURE 131. AwtoDomic ganglion cells: c, capsule, d, dendrons of ganglion cells: p, 
preganglionic fibers in the intercellular plexus. Note the pigment in the ganglion cells 
Silver stain. 900 X . 

form synapses. The axon of an aMtonomlc ganglion cell usually arises 
from one of the dendrons. It is very difficult to differentiate an axon 
from other processes, all of which are unmyelinated (Fig. 131}. Axons 
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esses; small cells, thin unmyelinated processes. The unmyelinated proc- 
esses outnumber the myelinated processes in the spinal ganglia about 
three to one. 

A ratio of one nerve cell to every nerve £ber has been found in the 
spinal nerve root. No synapses have been observed in cranial or spinal 
ganglia. 

Elsewhere in the body there are ganglia of a different type. These are 
the sympathetic or autonomic ganglia. They occur as swellings on the 
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FIGURE 130. Small autonomic ganglion, sIio»ving eight ganglion cells; n, s/n-iU 
myelinated nerve fibers of preganglionic UT)e, o, venule. 600 X . 

sympathetic nerve trunk of the neck, thorax, and abdomen, as ^vell as in 
association with the splanchnic nerves and several of the cranial nerves 
Furthermore, many small accumulations of autonomic ganglion cells are 
found in the root of the lung, on the heart, and in the walls of the 
stomach, intestine, and bladder, as well as in other viscera. 

All the autonomic ganglia are made up of nerve cells, connective tissue, 
blood vessels, lymphatics, and nerve fibers, but they differ notably in ap- 
pearance from spinal ganglia. The ganglion cells are multipolar. Each has 
numerous dendrons, which branch in the vicinity of the cell body and 
often become entangled with those of adjacent ganglion cells, Double or 
triple dendron skeins are thus formed; the cells with these may be en- 
closed in a common neurolemma capsule. The dendrons of other ganglion 
cells ramify outside their capsules in the intercellular fiber plexus, which 
contains also the terminations of nerve fibers entering the ganglion to 
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many muscle fibers. As many as 120 muscle fibers in the leg muscles are 
supplied by one neuron. 

The myelinated nerve fiber branches repeatedly as it enters its muscle 
fascicle. Each terminal branch takes part in forming one motor end plate 
on one muscle fiber, as indicated in Fig. 132A. The avis cylinder pierces 
the sarcolcmma. The myelin sheath terminates by constricting, as at a 



FIGURE 133 EfFerent nerve endings on snioolli-muscle fibers of an arte- 
riole III, smooth muscle. From Olof Larselt, Anatomy of the Ncrvoin Si/r- 
tem, Appleton-Century-Crofts, 1942. 


node The neurolemma appears to become continuous with the sarco- 
lemma, and the in\estment of endoneurium joins the endomysium. The 
actual nerve ending is thus hypolemmal, i c., beneath the sarcolemma 
The end of the avis cylinder executes a small series of branches and loops 
in which the neurofibnls fray out, as seen in Fig. 132B A group of muscle 
nuclei in a pool of nonfibrillar sarcoplasm forms a nest, the sole of the 
motor end plate on which the ending comes to lie. 

End organs of much less complexity occur in smooth muscle. They are 
formed by the terminations of unmyelinated nerve libers arising as axons 
of the multipolar cells of autonomic ganglia. Each nerve fiber supplies an 
unknown number of muscle fibers. The v-asomotor fibers to smooth muscle 
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RECEPTOR ENDINGS 

The long peripheral nerve fibers arising from cranial and spinal gan- 
glion cells end in epithelium, muscle, and connective tissue in many 
regions. Some end superficially; others, deeply within the body. A great 
variety of receptor endings is formed by them, but we know little about 
the functions of many of these, and space does not permit description of 
all of them. They may be classified in several ways according to whether 
they are encapsulated, what tissue they associate with, or what general 
category of functions they serve. 

A functional classification divides receptor endings into three main 
groups. Those which are stimulated by changes in the internal environ- 
ment are the interoceptive endings. Those which tell of degrees of ten- 
sion, pressure, and orientation are the proprioceptive endings. Changes 
in the external environment are registered by the exteroceptive end 
organs We are acutely aware of the messages initiated by the e.xtero- 
ceptive, which include the visual, auditory, touch, pain, and temperature 
endings. Proprioceptive endings are concerned with more automatic 
functions, although we do perceive some deep pressure and are aware of 
the position of our members. Rarely do we become conscious of the mes- 
sages received by the interoceptive, visceral endings, 

Interoceptive endings- Interoceptive endings are formed by rather 
simple terminal arborizations of nerve fibers of a number of sizes, in the 
walls of some of the hollow organs and blood vessels. Many of the free 
endings in deeper parts of the body belong to this group. Examples of 
interoceptive endings are the chemoreceplors in the carotid body (page 
151) Others are the pressor receptors in the adventitia of the carotid 
sinus and m other large blood vessels. Figure 135 illustrates one of the 
latter type. Taste and smell may be considered special varieties of intero- 
ceptive sensation. Their endings are described on pages 264 and 341. 

Proprioceptive endings: These occur m muscles, tendons, joints, and 
deep fibrous connective-tissue layers. Three examples are the muscle 
spindle, the tendon spindle, and the lamellated corpuscle (Pacini). The 
special endings of the vestibular nerve belong in this category. They are 
described on page 235. 

Muscle spindles are complicated endings occurring in skeletal muscles. 
As mentioned previously (page 121), a group of muscle fibers of smaller 
caliber than the working muscle fibers becomes encapsulated in a thm 
layer of fibrous connective tissue (Fig. 136). These skeletal-muscle 
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of blood ^’essels course in the connective tissue of the tunica adventitia, 
forming a plexus of varying complexify. Here and there individual fibers 
end on smooth-muscle fibers in delicate rings and minute swellings (Fig. 
133). Smooth-muscle innervation elsewhere is similar. 



FIGURE 134. Efferent nerve endings on A, cardiac muscle, and B, se- 
rous gland acmi: n, nerve fibers. Silver stain. 600 X. 


Nerve endings on muscles of the heart are just like those on smooth 
muscle but are even fewer in number (Fig. 134A). Finally, some glandu- 
lar epithelium is supplied with secretory nerve fibers whose endings 
ramify upon and among the cells of the gland (Fig. 134B). 
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which is found in deep fibrous connective-tissue layers of the skin, around 
the viscera, in the peritoneum, and in many other places. The. corpuscles 



FIGURE 1S0. Two muscle spindles in cross secbons of a cats gastroc- 
nemius muscle- A, thinly encapsulated spindle with poorly formed mus- 
cle fibers, B, more highly differentiated spindle, c, capsule of the muscle 
spindle, /, working muscle fibers, n, nerve fibers 

are very large. Some of them measure 3 or 4 mm. in length and are easily 
visible to the naked eye. Lamellated corpuscles consist of many concen- 
trically arranged layers of connective-tissue fibers and cells with consid- 
erable interstitial fluid between each layer (Fig. 137). This onion-like 
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spindles are of considerable size, measuring from 2 to 4 mm. in length. 
Each is supplied by one or more, commonly two or three, myelinated 
nerve fibers, which terminate after piercing the capsule and form a num- 
ber of fine branches with little varicosities on them. The latter are ap- 
plied to muscle fibers of the spindle. Sometimes the endings are arranged 
ribbon-like about the muscle fibers. Small motor end plates are found on 



FIGURE 135. Interoceptive nerve ending in the subendothelial layer of tlie 
superior vena cava of an adult cat. Sd\er stain. 300 X- 


the spindle muscle fibers. They are supplied by an additional myelinated 
nerve fiber. When the working muscle contracts, its spindle muscle fibers 
contract, too. Their contraction stimulates the sensory endings wrapped 
about them. 

Tendon spindles occur near the junction of muscles and tendons and 
also in other dense fibrous connective tissue (fascia). They, too, are lightly 
encapsulated end organs containing ramifications of myelinated nerve 
fibers. Some are much like those in muscle spindles. Others form palisades 
among the tendon fibers. Tendon spindles are shorter than muscle spin- 
dles, measuring approximately 1.35 mm. m length. Stretching the tendon 
or pulling on the fascial investments by muscles stimulates these end 

organs. , 

Other types of nerve endings occur in muscles, tendons, and fascia. 
Among these, the most striking is the lamellated corpuscle (Pacini) 
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bulb has a core called the inner b«lb, which is penetrated by the axis 
cylinder of a nerve fiber. The nerve fiber gives up its myelin sheath just 
outside of the bulb, and occasionally a small branch is formed, which ac« 
companies the main branch into the inner bulb to end there. The cor- 
puscles are stimulated by pressure. 

Exteroceptive endings: Many different kinds of nerve endings record 
changes m the external environment. Visual and auditory functions in- 
volve special exteroceptive endings which will be considered with the 
histology of the eye and ear in Chap. 15. Other exteroceptive functions 
are served by the end organs for pain, touch, and temperature. 

Vainful afferent impulses are initiated in free nerve endings. Many of 
the small myelinated and unmyelinated nerve fibers of sensory nerves 
terminate in very simple free endings in epithelium and connective tissue. 
These endings are not confined to the superficial structures of the body. 
They are the most widely distributed of all nerve endings, occurring even 
in the walls of blood vessels and in the viscera, where pain may be per- 
ceived on occasion. In the epidermis, the free nerve endings are confined 
to the germinative stratum. Figure 138A illustrates their appearance in 
this location. It is noteworthy that certain regions of the body are sensi- 
tive only to pain. One example is the cornea of the eye; another is the 
tooth pulp. Tbere the only type of nerve ending present is the free nerve 
ending. 

Tactile nerve endings of several types occur in the skin. One of the 
most sensitive is formed by terminal nerve arborizations in the outer root 
sheath of a hair follicle. This type of nerve ending, illustrated in Fig 
138C, with its hair constitutes a very delicate receptor organ for light 
touch. 

Other little disc-like nerve endings, likewise responding to light touch, 
occur about special epithelial cells in the germinative stratum of the 
epidermis. These are the tactile discs (Merkel), illustrated in Fig, 138B. 

The most highly specialized touch organs are the tactile corpuscles 
(Meisner) which are found m the papillae of the corium of the skin, espe- 
cially the skin on the volar surface of the fingers and toes (Fig, 138D). 
These tactile corpuscles are formed by a mimber of layers of special con- 
nective-tissue cells lying transverse to the long axis of the corpuscle. The 
special connective-tissue cells are encapsulated by a small amount of 
filirous connective tissue to complete the tactile corpuscle. A myelinated 
ner\e fiber, upon entering the corpuscle, gives up its sheatli, and terminal 
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branches ramify among the special connective-tissue cells. Corpuscles of 
this type are fairly large, measuring from 50 to 100 /t in length. 

Lamellated corpuscles (Pacini) in the deep layers of the dermis re- 
spond to pressure touch. These are exactly like the lamellated corpuscles 
that subserve the proprioceptive function- 

Endings for warmih and cold have not been identified definitely, and 
we know very little about them. The two that are usually considered to 
serv’C these functions are the corpuscles or end bulbs of Krause, thought 
to be receptors for cold, and the corpuscles of RufTmi, possibly responding 
to warmth. These two types are illustrated in Figs. ISSF and E. 
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Brain and Spinal Cord 


The brain and spinal cord together constitute the central nervous sys- 
tem.* They come as close to being composed purely of one tissue, nervous 
tissue, as any organ. The basic elements of the central nervous system are 
neiu-ons and neuroglia. Accessories are a closely investing, tougli. fibrous 
connective-tissue membrane, blood vessels, and many macrophages. The 
macrophages are foreign cells that have been accepted by tlie family and 
have become very much at home with the neurons and neuroglia. But the 
other tissues keep their distance from nervous tissue. 

The nervous tissue of tlie brain and spinal cord is not comple,v. In fact, 
it is so simple that there is really very little we can say about tlie his- 
tology of these organs Hoivever, the organization of neurons is e.ttraor- 
dinarily complex, and a considerable amount of time must be devoted to 
its study. Tlierefore, it is necessary to leave the microscopical anatomy of 
the brain and spinal cord to another course. 

The tissue of the central nervous system is very soft. Lacking collage- 
nous and reticular fibers to hold its elements togetlier, the unfixed brain 
would be nearly formless were it not for its enveloping membrane and 
for the penetrating network of blood vessels. Tliese structures form 
a container for tlie brain and a skeleton upon which tlie nervous tissue 
is hung. 

Neurons of the central nervous system are arranged in groups or layers, 
and their long axons, myelinated and unmyelinated, course from place to 
place in tracts. Interspersed among nerve cells and fibers all through tlie 
central nervous system are the neuroglia. 

i The optic nerve, reUna, posterior lobe of the hypoplij-sis, and pineal body are spe- 
cialized portions of the central nervous system. 
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NEUROGLIA 

The neuroglia, also spoken of as glia, are misleadingly called the sup- 
porting tissue of the central nervous system. They certainly do not pro- 
vide much structural support, and it is doubtful if that is their true func- 
tion. More likely, they form a delicate packing material to hold neurons 



Figure 139 Nuclei of neuroglia among myelinated ner\’e fibers of the 
spinal cord: a, astroc)tes, m, microglia (macrophages), n, ner\c fibers; o, 
oligodendrocytes. Nissl stain 1200 X . 


apart. Some of them build a barrier against the fibrous connective tissue 
of blood vessels and the membrane, pia mater. 

Neuroglia are of three distinctly different types: astrocytes, oligoden- 
drocytes, and ependymal cells. Each of these varies in appearance in dif- 
ferent locations. All forms can be seen m hematoxylin and eosin prepara- 
tions of the brain, although details of cytoplasmic structure are lacking. 
One must depend upon nuclear differences to tell them apart (Fig. 139). 
A number of special staining methods have been devised, and we owe 
most of our knowledge of the glia to the use of these. 
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Astrocytes, as the name implies, are star-shaped cells. They have many 
branches radiating about equidistantly. They are recognizable by rela- 
tively large, pale, ovoid nuclei (Fig. 139). Special methods reveal deli- 
cate fibrils in the cytoplasm of some of them, around the nucleus, and 
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FIGURE 140. Two protoplasmic astrocytes jn the cerebral 
cortex: m, macrophage nucleus; n, nerve cell; o, oligodendro- 
cyte nucleus Special glia stain. 1200 X. 


extending out into the processes. The fibrils resemble those which have 
been observed in the cytoplasm of fibroblasts. Many astrocytes lack fibrils, 
and some have them in a few processes only. Those with them are called 
fibrous astrocytes; those without them, protoplasmic astrocytes. The 
fibrous astrocytes are more prevalent among nerve fibers of the tracts. 
The protoplasmic astrocytes are more numerous in the gray matter with 
the nerve cells. Special forms develop in the posterior lobe of the hypoph- 
ysis, the pineal body, and the retina. Those of the brain are illustrated 
in Figs. 140 and 141. 
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Fibrous and protoplasmic astrocytes have a common structural feature 
of great importance. One or two of their processes are stouter than the 
rest and terminate in little expansions called foot plates. These are ap- 
plied to the outer connective tissue of blood vessels (Fig. I'll ) and to the 



FIGURE 141. Fibrous astrocyte in the white matter of the 
brain. Note the attachment of two processes by foot plates to 
the wall of a small blood vessel, o. Other foot plates can be 
seen. Special glia stain. 1200 X • 

fibrous pia mater covering the central nervous system. They form a deli- 
cate continuous glial membrane about these structures, walling them off 
from nervous tissue. The perivascular glial membrane and the external 
glial membrane are, in some unknown way, successful in preventing the 
encroachment of fibroblast cells. After traumatic injury and other forms 
of destruction of brain tissue, the fibrous astrocytes take part in building 
glial scars. In doing so, they wall off fibroblasts and their collagenous 
fibers. 

Oligodendrocytes are smaller than astrocytes (Fig. 142). Their nuclei 
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usually appear a Ifffie darJcer and are more rounded. It is exceedingly 
difficult to slain tlieir cytoplasm, which is scant)- and extends out in a few 
thin, sparse!)' branched processes. Tiiese neuroglia often appear in groups 
around the cell bodies of large neurons, where they are referred to as 

satehite celts. In the tracts 
of nerve fibers, oligodendro- 
cytes tend to line up in rows 
parallel to the fibers. We 
Jcnow- ver}' little about them. 
They take no part in form- 
ing the delicate limiting gli- 
al membranes; they has’e no 
foot plates. 

Ependymal cells line the 
\*entricnlar s)’stem of the 
brain and spinal cord. The}- 
are the direct descendants 
of tl)e embiyonic neural epi- 
thelium that formed the 
primitive neural tube. In 
routine preparations, epen- 
drmal cells look like simple 
columnar epithelium (Fig- 
Cilia may be seen on 
their exposed surface in 
some places. Fibrils have 
the one process that usually 
projects into the deeper tissue from the base. In places where pia mater is 
not too far awa)', these processes fake part in the formation of the glial 
membrane beneath it Epend^-mal cells appear to be related to the astro- 
ci’tes. 

Epend)’TnaI cells have undergone modifications in a few places. Tlje)- 
form the low columnar epithelium of the chorioid plexuses and somewhat 
similar epithelium in nonvisual parts of tlie retina (Chap. 15). Tlie chori- 
oid ple.vuses dip into the brain ventricles, as illustrated in Fig. 144. Tlic 
epithelium is extensively uwaginaled by blood \essels from the pla mater. 

There are four clioriofd plexuses. Tliey are the main source of the 
cerebrospinal fluid that fills the \entricles and the space between the 
pia mater and arachnoid membranes to form 



FIGURE 142. Olipodendrocj les In llie whire 
matter (left) and gra> matter (right) of the 
brain. Xofe their prooniitj' to a nerve celi Spe- 
cial gha stain. 1200 X • 

been demonstrated in the c)’toplasm and in 
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the central nervous system. Just how the fluid is formed, whether by 
traiisudation from the blood or by secretory activity of the chorioid cells, 
is not known. About 100 cc. of the fluid is picsent in the spaces. A mecha- 
nism for its return to the blood stream is found in the arachnoidal vilU. 
These are thin endothelium-covered connective-tissue fingers that invagi- 
nate the large cranial ve- 
nous sinuses. Cerebrospinal 
fluid pressure is less than 
capillary blood pressure in 
the chorioid plexuses but 
greater than the venous 
pressure in the sinuses. 

MACROPHAGES OF THE 
CENTRAL NERVOUS 
SYSTEAf 

The macrophages of the 
brain are misnamed microg- 
lia or mesoglia. They are 
similar to macrophages of 
connective tissue, although 
some are much smaller. Their small dark irregularly shaped nuclei can be 
identified in ordinarj' sections (Fig. 139). By special silver methods, it is 
possible to stain their cytoplasm. They are found with outstretclied proto- 
plasmic processes among nerve cells and nerve fibers, like inactive phago- 
cytic cells elsewhere (Fig. 145). Most of the time they have nothing to do. 
During inflammatory processes and infections and after other injuries of 
brain substance, they become activated and appear as more compact 
cells, whose cytoplasm is filled with phagocytized materials. Under these 
circumstances, lymphocytes, a major source of the macrophages, mobilize 
in and around the blood vessels of the brain. 



FIGURE 143. Ependymal cells lining the cen- 
tral canal of a human spinal cord. Note cilia on 
their surface, and processes extending into the 
gray matter from the bases of the cells. Hema- 
toxylin stain. Photomicrograph, ISiOO x . 


NEURONS OF THE CENTRAL NERVOUS SYSTEM 

In the preceding chapter, we considered the minute anatomy of neu- 
rons, mentioning the great variety of shapes and sizes of nerve cells and 
calling attention to their interrelations. The difference between those of 
the brain and those of the peripheral ganglia and nerves is not one of 
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funtlamental intrinsic structure. Aside from their much greater variety- 
therc arc only three types of ner\'e cells in the peripheral nervous system 
-nerve cells of the brain and spinal cord differ from the peripheral neu- 
rons in tlieir organization, interrelations witli each other, and relationship 
to other kinds of cells. 

The histological structure of three diiTcrent parts of the central ner\’ous 
system is illuslralcd in Figs. 146 to 148. Tlie spinal cord, cerebellar cortex, 



PIGUnE 144. Cliorioid plems of llie fourth brain ventricle of a monkey; 
thick .section. Nissl slain. Pholomicropraph, 150 X. 


and ccrebnim are chosen because they differ so widely from each other. 
It would be misleading to declare that they demonstrate representative 
structural arrangements. Each is representative of only a particular sec- 
tion of the central ner\'ous system. 

The study of the organization of nerve cells into groups, strata, and 
centers constitutes ncuroanatomy. We cannot go into that but point out 
simply that neurons of one type and general functional similarity tend 
to be associated. Closely circumscribed groups of nerve cells or nerve 
fibers generally perform some one specific function. Large masses or dif- 
fuse arrangements have less specific functions. The motor nerve nuclei* 
are good examples of closely circumscribed groups. The gray matter of 
the cerebrum illustrates a more diffuse arrangement. Specific tracts of 
sensory nerve fibers in the spinal cord and the diffuse layers of nerve 
fibers in the cerebrum are other Cixamples of this difference. 

2 Nucleus is a term here used to designate a collection of structurally or functionally 
similar nerve cell bodies m the central nervous system. 
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In the more circumscribed neuron groups or ceiiters, synapses are ar- 
ranged to provide great specificity of response. In some of the widely 
spread strata of neurons, such as the cerebellar cortev, connections are 
duplicated and reduplicated to provide a broadside or avalanche type of 
activity. In many places it is possible to perceive an organization that 
favors continuous conduction in circuits. Some of these circuits are ex- 



FICURE 145. Three microglia in the gray matter of the 
brain. Capillaries, nerve cells, and nuclei of ncurogha 
may be seen m the background. 1200 x. 


traordinanly comple.x. Beverberating neuron circuits pro^’ide mechanisms 
for complex activity in the central nervous system. The number of neu- 
rons in the brain is immense, and the number of interconnections they 
make, almost infinite. Any attempt to explain such activities as thought 
and memory on the basis of anatomical patterns must take these facts 
into consideration. 

The peripheral nen.'ous system is very different from the central nerv- 
ous system, Isolation of units and specificity of function are more charac- 
teristic of peripheral ganglia than of cell groups in the spinal cord. No 
s)'napses are made in spinal ganglia, and only a few hpes of synapse 
occur in the autonomic ganglia; the brain and cord are great s)’naptic 
centers. Other structural and functional differences arc evident. Nerx'e 
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figure 146. Cerebral cortex of a monkey. Nissl stain. 
Photomicrograph, 80 X . 
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FIGURE 147 Cerebellar cortes of a dog Silver stain. 
Fbotomicrogrjph, 80 X . 
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BRAIN' AND SPINAL CORD 
fibers in the brain ami spinal cord lack the ceJIiilar shcatlis that are char- 
acteristic of all those of the peripheral nerves. Neurolemma cells are 
absent in the central nervous system. 



FICUBE 148. Spinal cord of a nun. M>'elin sheath stain. 
Photomicrograph, 80 X- 


Fibrous connective tissue separates the elements of the peripheral gan- 
glia and nerve, extending in delicate wusps of endoneurium among nerve 
fibers and cells. Note that it is kept away from the nerve cell and its axon 
by the neurolemma cells. Even in the peripheral nerve endings, the 
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neurolemma guards the axis cylinder ri^t ^\vn to its £nal ramifications. 
In the brain and spinal cord, fibrous connective tissue is excluded en- 
tirely, for it is walled olF by perix'ascular and external glial membranes. 

There are many unsoh’ed and baffling problems m the nervous system. 
Not the least is the enigma of regeneration. Peripheral neurons exhibit 
this phenomenon. A severed nerve repairs itself by outgrowth of sprouts 
from the end nearest the nerve cell body. Howei'cr, the gap between the 
cut ends must be closed by approximating the ends so that fibrous scar 
tissue can be excluded from it. In the brain and spinal cord, severed nerve 
fibers do not regenerate beyond the iroraediate vicinity of the cut. Tliey 
too form sprouts, but these fail to show the vigorous directional out- 
growth of those in the peripheral nerves.^ 

REFERENCES 

1. Penfield, W.: Neuroglia .-ind Microglia, the Interstitial Tissue of the Central 
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The first nineteen pages arc cspednlhj appropriate at this time. There is a 
good collection of illustrations of gUa stained by special techniques. 

*An Interesting animated motion picture on the development of tiie nervous system 
is available. See Visual Aids, 24. 
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-A. number of fibrous membranes arc found in tbe body which have so 
mucli in common that they may well be considered together. ^Vll are 
constructed of fibrous connective tissue and have free surfaces covered 
with simple squamous epitliclium. Some form strong protecting and con- 
fining walls. Others, called serous, appear to take part in tlie formation 
of fluids which moisten their surfaces under normal physiological condi- 
tions or which accumulate in larger quantities under certain disease con- 
ditions. 

Meninges: It is customary to describe three membranes, or meninges, 
of the central nervous system; the pia mater, arachnoid, and dura mater. 
Actually, two only are prominent. Only over the spinal cord and in a 
few places over the brain is the arachnoid a separate membrane. Else- 
where it is fastened to the pia mater, and the t>vo together constitute 
one soft spongy cushion for the brain. 

The pia mater proper is composed of fibrous connective tissue contain- 
ing some elastic fibers. In it are blood vessels and nerves. All the blood 
vessels are larger than capillaries. They anastomose with one anotlier 
and give off branches at right angles to the surface of the brain to supply 
the deep parts of the central nervous system. The pia mater invests the 
brain and spinal cord very closely, following the various indentations, 
sulci, and fissures and extending into its substance along the larger ves- 
sels for a short distance. It can be stripped away from the brain, because 
its connective-tissue fibers do not penetrate the brain substance but are 
walled oS by the glial membrane. On its free surface, the pia mater is 
covered with thin simple squamous epithelium. 
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The orachnoid is a very thin gossamer membrane formed of connec- 
tive tissue cos'ered on both sides with simple squamous epithelium. It is 
not vascular. Innumerable delicate strands, or arachnoidal trabeculae, 
connect it with the surface of the p»a mater proper over the brain. 

In many ways, it is better to consider the arachnoid simply as the outer 
part of the pia mater. The pia mater then may be said to be a spongy 
membrane traversed by larger and smaller fluid-filled and simple 
squamous-lined spaces. The names pia-arachnoid and leptomanlnx are 
given to this combined membrane. Tlie spaces in it become wider and 
form subortichnoid cisterns here and there over the brain surface. Tliey 
coalesce to form the larger subarochnoid space of the spinal region. 

Apertures in the thin roof of the fourth brain ventricle permit com- 
munication with the subarachnoid space- Cerebrospinal fluid is contained 
in the subarachnoid space, but it is not formed in it. It arises in the 
cborioid plexuses of the ventricles (page 204) and reaches the subarach- 
noid space through the apertures of the fourth ventricle. 

The dora mater is a very tough fibrous connective-tissue membrane 
(Fig. 149), sometimes called the poehymenlnx. In the cranium, the outer 
layer of the dura closely invests the bone and forms its periosteum. The 
inner surface of the dura mater is covered with simple squamous epi- 
thelium. Folds of the inner layer of the dura mater form a number of 
partial septa, which lie between the major subdivisions of the brain 

The membrane is supplied with blood vessels lor its own nutrition and 
contains the large nonmnscular veins, the venous sinuses, that drain 
blood from the brain to the jugular veins of the neck. In the spinal region, 
the dura mater is separated from the bony vertebral canal by fat and a 
rich venous plexus. 

Nerve roots piercing the dura mater carry investments of its connective 
tissiip, which become the perineurium of the nerve roots. The dura mater 
becomes continuous with the sheath of the optic nerve and sclera of the 
eyeball. 

There is a capillary space, called the subdural space, between the dura 
mater and arachnoid. It is moist but contains no significant amount of 
tissue fluid. The subarachnoid space does not communicate with it Both 
spaces have slight communication with the lymphatic vessels of the back. 

Serous mcmhrancs The serous membranes line the peritoneal, pleural, 
and pericardial cavities. The peritoneum of the abdomen is representa- 
tive It is formed by fibrous connertive tissue, over which is a layer of 
simple squamous epithelium, known as mesothclium The peritoneum 



214 


^fE^^^^A^*ES OF TIIE URALV AND OTIIEH pRCAN'S 
forms a closed cavity^ and may be divided into a parietal portion, on the 
body wall, and a visceral portion, reflected over most of tlie organs in the 
abdomen. It forms a thin double layer, the mesentery, wJiidi is attached 
to the intestines. It also dovibles upon itself to form the omentum’. 

The peritoneum consists of flbroiis coniicclh-c tissue of the loost* variety 
in most places, notably in the mesenteries and omentum. ’Hiere' it con- 



FIGUHE 149. Dura maler of a monlrey. Pljotomierogrnpb, 150 XV 


tains much fat, especially in obese sub|ecls. Over the surface some of 
the organs, such as tlic spleen, its connective tissue is dense and forms 
the capsule of the organ. The peritoneum of the ovary is a modified tj'pe 
(page 396). The peritoneum is well supplied with blood \essels and 
lymphatics for its oum nutrition and for fat deposition and removal in its 
areolar tissue. It also carries N'cssels and ncr\’es for the viscera of the 
abdomen. Macrophages are numerous in the loose connective' tissue of 
tins serous membrane. 

The peritoneal cavit\% a cleft of capillarj' thinness, is kept. moist by 
fluid deriv'ed from the blood circulating in its membrane; the quantity of 
this fluid is insignificant in healthy conditions. In it occur a few cells, 
mostly from the blood. 

The omentum presents some features of special interest. The parts of 
1 Utenne nibes provide minute opening into the peritone.il cavity of the female. 
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it not loaded with fat become quite thin and may be fenestrated. The 
scanty areolar connective tissue in the omentum is well supplied with 
capillaries. Macrophages are numerous and may even be found in large 
clumps, visible to the naked eye and called milk spots. The omentum may 
play a role in defense of the abdominal cavity against disease. 

A small portion of the peritoneal cavity has come to be detached in the 
male and occupies a position in the scrotum. There the peritoneum forms 
the tunica vaginalis of the testis. Its structure is exactly like that of the 
peritoneum in the abdominal cavity (Fig. 253). 

The pleura is a membrane of the thoracic cavities similar to the peri- 
toneum. Its visceral part forms the connective-tissue covering of the lung. 
It is paved with mesothelium and has more elastic fibers than the peri- 
toneum, especially in its deeper layers. Parietal pleura lines the thoracic 
cage. 

The pericardium forms a fibroserous sac for the heart. It is composed 
of a dense fibrous connective-tissue layer covered by some looser fibrous 
tissue and the mesothelium. The looser serous layer is reflexed onto the 
great veins and arteries as they pierce the fibrous layer to enter and leave 
the heart. The heart is covered by the serous layer of visceral peri- 
cardium, The dense fibrous deeper layer of parietal pericardium fuses 
with the adventitial coat of the great blood vessels and with the central 
tendon of the diaphragm. 

Synovial membranes: Joint cavities are partially lined by synovial mem- 
branes resembling the serous membranes of the body cavities. They were 
described on page 101. 
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Xljc special sense organs arc receptors conccnied with smell, taste, n'* 
sion, and hearing. Closely associalerl with the organ of Iicaring is the 
vestibular mcchan/sin for balance and orientation. It is more convenient 
to describe the olfactory and gustatory endings with the nasal cavity and 
the tongue (pages 339 and 204) than to treat them in this chapter. Tlie 
receptors for light and sound require special consideration in deference 
to their very great iinportanec. Far more messages reach your brain 
from these two groups of receptors than from all the rest of the sensory 
nerves combined. 


EYEBALL 

The eye develops as an outpocketing of the forebrain of the embryo. 
This part of the neural tube forms the inner coat, including the retina of 
the adult eye. The retina and (he optic ner\'c connecting it with tJ>e brain 
are parts of tlie central nervous system. Like the rest of the central nerv» 
ous system, tliey are co%'ered with \’asc«lar and protective fibrous con- 
nective-tissue membranes. Tliese coverings, derived from embiyonic 
mesenchyme, arc the middle vascular coat, comparable witli the pia- 
arachnoid, and the outer fibrous coat, continuous with the dura mater. 
Another very important component of the eye, the crysfaiiine Jens, arises 
from the svuface ectoderm over the optic vesicle of the embryo. Spaces 
in front of the lens contain a special tissue fluid known as aqueous humor. 
Behind the Jens is a jel}>-Iikc substance, the vitreous body. As in the 
brain and the spinal cord, there are no true lymphatics in the eyeball. 

Tlie eyeball is remarkably like a camera, with its lenses, iris diaphragm, 
and photosensitive layer of tissue the retina, in a black pigmented com- 
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FIGURE 150. Human oyeball and eyelids sectioned sagittally tlitovigh the pupil and 
opUc papilla. This remarkable specimen was contributed by Dr. L. L. CauRnns. It was 


removed surgically for carcinoma of the lacrimal gland Aitifactual detachment of the 
nervous portion of the retina demonstrates the progressive increase m rebnal tluckness 
of that layer toward the opbc papilla. Pbotomiciograpb, 4 X . 


adult only so long as the lenses are kept properly nourished, protected, 
and wet. 

Outer ^brous coot- The covering of the eye that corresponds to the 
dura mater is dense fibrous connective tissue, even more compactly ar- 
ranged than around the brain. This is the layer that gives shape to the 
globe of the eyeball. Its two parts arc the sclera and cornea. 
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Tlic sclera forms the posterior five-sixths of the fibrous coat {Fig. 151). 
It is perforated helund by optic ncr\'e fibers. Tlierc it blends with the 
fibrous conijcctivc-tissuc sheath of the optic nerve. In front, it joins the 


sclera chorioid retina 



FIGURE I5I. Human eyeball. Tlie section passes through all coats about 5 
mm behind the ora serrat-r. cstcriof is toward the left. Specimen in the Piersol 
collection Pliotoinicrograph, J25 X. 


coniea and is covered at tlic white of die eye by part of the conjunctiva. 
Externally, it blends with the loose fibrous connective tissue of the orbit. 
Internally, its cells become pigmented as it joins the vascular coat of the 
eyeball. At the sclerocorneal junction, it contains a prominent blood ves- 
sel the venous sinus of the sclera. Elsewhere, vessels are sparse. To the 
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sclera are attached muscles that move the eyeball. Through it pass ar- 
teries, veins, and nerves. 

The cornea, forming the anterior one-sixth of the fibrous coat, has a 



FIGURE 152. Human cornea. The external epithe- 
lium and its heavy basement membrane are on the 
left; the internal, simple epitlielium and its basement 
membrane, on the right Photomicrograph, 125 X . 

stronger curvature than the sclera. This makes it protrude. The cornea is 
the most important element of the dioptric apparatus It has two and one- 
half times the refracting power of the crystalline lens. 

The transparent, dense, fibrous connective tissue of the cornea is lamel- 
lated. In front, it is covered by stratified squamous epithelium, continu- 
ous with that of the conjunctix’a. In back, it is lined by a single layer of 
rather thick squamous cells. Very thick homogeneous basement mem- 
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brancs are seen bcncalb both epithelial layers. Tlierc are no blood vessels 
but many nerve fibers in the cornea. 1110 nerve fibers are tinmyeliaated. 
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FIGURE 153 Human eye. The specimen is the same as Fig. 150, shoMlng 
iris, ciltnry body, nnd other details jpJiotomicrogmph, 15 X. 


and their endings are sensitive only to pam. The strweture of the cornea is 
shovw in Fig. 152. 

The sclerocorneal jondion is a transition zone. The outer epitnelium 
becomes thicker. The basement membrane of the inner epithelium 
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changes into a loose fibrous connective-tissue meshwork, and blood ves- 
sels are found in it. It may be seen in Fig. 153. 

Middle coat. The middle coat of the eyeball, called the uvea, is vascu- 
lar and contains important smooth muscles. This coat has a stroma of 
loose fibrous connective tissue firmly adherent to the inner but only 
loosely attached to the outer coat except at the entrance of the optic 
nerve and at the sclerocorneal junction. A potential perichorioidal space 
corresponds, in a way, to the subdural space. Three parts of the middle 
coat are the chorioid layer, ciliary body, and iris. 

The chorioid layer lies between the sclera and the retina, extending 
only as far forward in the eyeball as the ora serrata of the retina. It can 
be seen in Fig. 151. It is scarcely more than 0 25 mm. thick but contains 
a rich supply of arterioles and venules. Capillaries form a thin layer inter- 
nal to the arterioles and venules. A loose fibrous connective-tissue stroma 
contains pigmented cells. The innermost part of the chorioid layer forms 
a homogeneous basement membrane for the pigmented epithelium of the 
retina. 

The ciliary body extends forward from the ora serrata of the retina to 
the sclerocorneal junction. It is the thickest portion of the middle coat, 
roughly triangular in sections. It forms a fibromuscular ring for attach- 
ment of the suspensory ligament of the lens. The incomplete penchori- 
oidal space continues forward to separate the ciliary body from the sclera. 
On the inner side of the ciliary body is an epithelium continuous with 
the retina. The inner surface is thrown into 70 to 80 radiating folds which 
are especially prominent at the free mesial edge of the ciliary body. These 
folds form the ciliary processes. In a gross specimen, their appearance is 
accentuated by the dark pigmentation between them In front, the ciliary 
body meets the base of the iris, as seen in Figs. 153 and 154. 

The ciliary body contains all the elements of the chorioid except the 
capillary layer. In addition, a significant amount of smooth muscle is 
added. This is the ciliary muscle, formed of fibers coursing meridionally, 
radially, and circularly. The principal meridional fibers attach in front to 
the sclera near the sclerocorneal junction and pass back to insert into the 
connective tissue of the chorioid layer The circular fibers form a sphinc- 
ter at the base of the ins Radial fibers are disposed between these two 
groups. The action of the ciliary muscle is to relax tension upon the 
crystalline lens, permitting it to increase in thickness. 

The double layer of low simple columnar epithelium lining the ciliary 
body is the pars ciliaris retinae. Cells adjacent to the stroma are heavily 



FIGURE 154 Human iris from a blue-eyed subjecl: A, inner rim of the iris showing 
its stroma, sphincter muscle, and lugmented epithelium on tlie posterior surface; B, 
peripheral one-tlurd of the ins, the postcnor chamber, and ciliary processes. Note the 
artenoles with thick adventiba, the diKitor muscle of the iris, and the pigmented epi- 
thelium of the pars iridica retinae. Specimen in the Piersol coUeebon. Photomicro- 
graphs, 125 X. 
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pigmented. The inner layer is made up mainly of nonpigmented cells. A 
space between the two layers of cells no longer exists in the adult but 
^vas present in the embryo. 

The ms is the most anterior part of the middle coat of the eye. It is 
a thin annular plate of vascular loose fibrous connective tissue, lined be- 
hind by the nonnervous and pigmented pars Iridica retinae. The forward 
surface is covered by a simple squamous epithelium, thinner than that 
backing the cornea. The iris lies in front of the lens, and its aperture, 
known as the pupil, admits light to the visual compartment of the eye. 

A sphincter muscle, made of circular bands of smooth-muscle fibers, is 
present in the iris. This contracts the pupil. The dilator muscle of the 
pupil is formed of myoepithelial cells radially arranged and more pe- 
ripherally placed than the circular fibers. Both muscles may be seen in 
Fig. 154. 

In front of the pupillary muscles, the stroma contains a variable num- 
ber of pigmented connective-tissue cells. Eye color depends upon their 
number. When many are present, eyes are brown; when few, they arc 
blue. The absence of all pigment, including that of tlie pars iridica ret- 
inae, occurs in albinos. 

Vascular rings are formed by arterioles at the base of the iris and at 
its inner border near the pupil. Connecting N-essels provide a rich blood 
supply. 

Inner coat: The inner coat of the eyeball is tlie only one derived from 
the optic vesicle of the embryo. The optic cup, which is formed by in- 
vagination of the vesicle, has two layers. The adult derivative of the outer 
wall of the cup is the pigmented epithelium of the retina. Derivatives 
of the inner wall of the cup are the nonpigmented epithelium and nerv- 
ous part of the retina. The pupillary border of the posterior epitlielium 
of the iris represents the lip of the embr)'onic optic cup. 

The two epithelial layers of tlie retina are easily separable in tlie adult 
because a potential Infraretinal space e.xists between them. In Fig, 150, 
the retina has become detached at this space. Into this space extend proc- 
esses of visual cells and retractable protoplasmic processes of the pig- 
mented epithelial cells. This space is €x>mparable with the ventricles of 
the brain. Indeed, it contains tissue fluid, albeit in minute quantity. 

Tlie rionnervoos part of the relino has been mentioned in description 
of the xivea It begins at the ora serrate as a double layer of epithelium 
running fonvard ov'er the ciliary processes and over the posterior wall of 
tl\e iris, where it is called the pars ciliaris and the pars iridica retinae. 
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Its dnrkly pigmented deep layer of cells darkens the interior of the eye- 
ball. Some of the superficial low columnar cells, mainly those on the efii- 



ary processes, resemble the epithelial cells of tlie chorioid plexnshs of the 
brain. They form a fluid, the aqueous humor, which fills the space in 
front of the crystalline lens. Aqueous humor finds its way through tissue 
spaces in front of the base of the iris, passing into the venous sinus of 
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the sclera and other blood vessels. 
It has much to do witli maintain- 
ing normal eyeball shape by pro- 
viding optimum intraocular pres- 
sure. 

Tlie pars optica retinae is com- 
posed of the pigmented layer, a 
low, simple columnar epithelium, 
and the retina proper, a thin 
sheet of nervous tissue. Tlie ret- 
ina proper is made of neurons and 
neuroglia, is supplied by blood 
vessels, and lacks lymphatics. 
The pars optica is quite thin, 
measuring only 0,4 mm. at the 
posterior pole of the eyeball and 
0.1 mm. at the ora serrata. 

Like central nervous system 
structures, the nervous layer of 
the retina is walled off from other 
tissues by glial membranes. These 
are tlie external limiting mem- 
brane and the internal limiting 
membrane. The cells whose proc- 
esses form these membranes are 
modified astrocytes arranged 
wth their long axes at right an- 
gles to the retinal surface. Tlie in- 
ternal limiting membrane is very 
thin and hard to see and forms the 
retinal surface that is presented to 
the vitreous body The external 
limiting membrane is more prom- 
inent It borders the intraretinal 
space. 


FIGURE 156. Macuk and fovea of a detached human retina The cones have pulled 
away from the pigmented eprlhelmm, cleavage taking place in the intraretinai space. 
Compare the thickness of each layer in the macula with the same layers in Fig 151. 
Specimen by Dr. L. L. Caulkins. Pltotomicrograph, 125 X 
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Tlie retina proper, exclusive of its pigmented epithelium, has three 
distinct layers of nuclei (Fig. 157), belonging to its three principal 
types of cells, u’hiclj are visual cells, bipolar neurons, and optic neurons, 
misleadingly called ganglion cells.* There are also tlirce nonnuclear 
layers of the retina. Synapses occur in two of them between the vis- 
ual cells and bipolar neurons and between bipolar neurons and optic 
neurons. TIjc innermost layer Is made up of myelinated axons of the op- 
tic neurons, which are converging upon a point about 3 mm. medial to the 
posterior pole of the eye. Tliere, at the optic disc or blind spot, these fi- 
bers turn out through perforations in the sclera to form the optic nerve. 
Other retinal elements arc lacking at this point, as will be seen in Fig. 155 

Near the posterior pole of the eyeball, the retina is tliin at a central de- 
pression, (be fovea centralis. Here (here are few retinal elements, except 
the outer part of the visual cells (Fig. 150). Tlie olljcr cells and the 
nerv'c fibers arc piled up around (his depression to form the macula lutea, 
whose thick circular ridge sometimes appears yellowish in the living eye. 
At the fo\ ea, light can roach the photoreceptors witliout traversing all 
the other layers of the retina. Tlius, the fovea is the point of greatest 
visual acuity. All that you view directly and critically is focused onto it. 

Tlie photoreceptors arc of two kinds: the rod cells and tlie cone cells. 
Tliey are neuroepithelial cells whose nuclei and axons lie beneath the 
external limiting membrane. Tlicir outer, \’er)’ In’gbly specialized, light- 
sensitive processes pierce this membrane and lie entirely within the intra- 
rctinal space between the external membrane and the pigmented epi- 
thelium. Tliesc specialized processes of the visual cells are the rods and 
cones proper (Fig. 157). 

Rods are about 60 ^ long, hvicc as long as cones, but are only 2 m 
thick, ^vhile the cones measure about 7 ^ in diameter. Each consists of an 
inner thick and outer thin segment, but the outer segment of the cone 
is short. In the fovea centralis, the only photoreceptors are cones. Else- 
where, rods are much more numerous than cones, outnumbering them 
about 20 to 1. Rods serve in dim-light vision; cones are concerned wth 
bright-light and color x-ision. In bright light, the pigmented epithelial 
cells e.xtend protoplasmic processes into the intraretinal space among the 
outer rod segments. These processes retract in dim light and permit more 
light to reach the rods. 

Each cone cell synapses >vlth one bipolar neuron which, in turn, s)^- 
apses with one optic neuron. Rod cells, on the other hand, are grouped 

* Actually there are more than three t>T>es of neurons in the retina, hut a detailed 
description has no place in this introductoo' course in histology. 
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in relation to their respective bipolar neurons. The macula lutea, con- 
taining the nervous elements for tlie cones of its fovea centralis, gives 
rise to one-third of all the fibers of the optic nerse. This is remarkable 
because it is only a small spot, occupying no more than one-twentieth of 
the retinal area. 



FIGURE 157 Rods and cones of a human retina* a detail from Fig. 151 at 
higher magnification The upper surface is interior. Photomicrogiaph 600 X • 


Tile rods and cones are not supplied directly by blood vessels, for the 
intraretinal space \n which tlrey lie is avascular. Tissue fluid diffuses into 
this space from the chorioid. The retina has its own blood supply, the 
central ortery and central vein, which come in through the optic nerve 
and optic disc. These vessels ramify over the inner surface of the retina 
and can be observed through the pupil with an ophthalmoscope. Their 
branches course in such a W’ay that they av’oid the fovea centralis. The 
central artery is a tnie end artery. It anastomoses with no other artery, 
and its branches do not anastomose with one another. 
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Crystalline lens and vitreous body: Light passes tlirough the cornea, 
aqueous humor of the anterior cliambcr, crj'stallmc lens, vitreous body, 
and tlic laj’crs of the retina to rcaclt the intrarctinal space coivtaining the 
rods and cones. Clear normal vision is maintained only so long as these 
structures remain transparent. Age may impair their transparency or may 
discolor them. 

The vitreous body forms the largest component of the dioptric appara- 
tus. About four-fifllis of the eye is made up by it, for it fills the space be- 
liind the lens. The vitreous body is made of jelly and is structureless in 
the living animal. Occasionally a lymphocyte makes its way into it. 

The crystalline lens is an interesting specialization of epithelium. It be- 
gins ns a thickening, then an invagination of tlie surface ectoderm of the 
embryo. A vesicle is formed wliicli pinches off within the optic cup. Only 
the posterior wall of the vesicle becomes specialized. The anterior wall 
remains ns a single layer of low columnar or squamous cells. The pos- 
terior epithelial cells become enonnously tall; in fact, become the lens 
fibers, up to 10 mm. in length and concentrically arranged. The center 
of the lens is denser than the pcriplicjy. It is the oldest part. The soft 
peripheral portion gradually hardens with age; and, as it does so, the 
usefulness of the lens in accommodation declines. The lens is enclosed 
in a transparent homogeneous membrane, the lens capsule. 

Tlie suspensory ligament of the lens is formed of many delicate zonu- 
lar fibers which connect the lens capsule at the periphery, or equator, of 
the lens with the ciliary processes, 'niesc fibers hold the lens under slight 
tension favorable for focusing images of distant objects onto the retina. 
The sphincter action of the cili.-uy muscles during contraction relieves 
this tension and permits the lens to thicken in consequence of its o\vn 
elasticity. Tlius, images of nearer objects are fociised.- 


CONIUNCTIVA AND ASSOCIATED STRUCTURES 

Conjunctiva: Tlie conjunctiva, continuous with the skin of the eyelids, 
is a layer of stratified squamous epithelium of the noiicornified variety 
resting upon a lamina of fibrous connective tissue. In other words, it is a 
mucous membrane.* It lines the eyelids, folds back upon itself at the 
fornix, and covers the anterior surface of the eyeball to form an open 
conjunctival soc. These relations are demonstrated in Fig. 158. The con- 

2 For another interpretation, see Visual Aids. 29. 

» Mucous membranes are described on p 257 
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juncto’a is smooOi cvccpt in the fonu< and medially at the (ccrimal 
caruncle. 

Over the cornea, the epithelium is stratified squamous and is transpar- 



FIGURE 159. Human lacrimal gland The junction of secreting acini witli t%vo 
duels may be seen. Specimen in llie Fiersol collection. Photomicrograph, 300 X . 


ent. Over the tarsal plates of the eyelids, it becomes \’ery thin; in places 
it is reduced to a double layer of cells~in reality, stratified columnar epi- 
thelium. Goblet cells may be present m the epithelium of the conjunctival 
fornix. ' 

The fibrous connective tissue of the conjunctiva binds the epithelium 
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to the tarsal plates of the eyelids and to the surface of the eyeball. Else- 
where, it is loose and contains lymphocytes. Several tiny tubulo-acinous 
serous glands lie in the loose connective tissue beneath the conjunctiva. 



tarsal gland 
in tarsal 
plate 

conjunctiva 


duct of 

tarsal 

gland 


ciliary 

muscle 


FiGURE 160 Human eyelid Specimen in the Piersol collection. Photo- 
micrograph, 20 X . 


opening by ducts into tbe anterior wall of the fornix of the conlunctiv.-il 
sac, 

Lacrimal gJanth The major gland of the conjunctiva is the lacrimal 
gland. This lies above the eyelid and in the orbit. U opens into the 
conjunctival sac in front of the superior fornix by 10 to 14 ducts. The 
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lacrimal gland is a compound tnbulo>acinous serous gland which secretes 
the tears. Figure 159 shows its structure. 

A constant flow of secretion provides the conjunctiva and cornea with 
a film of moisture. Excess secretion is collected at the medial ends of the 
eyelid margins, where there are two little papillae, each containing an 
opening of one of the lacrimal ducts. Tliese lacrimal ducts, two in num- 
ber, are lined with stratified squamous epithelium. Tliey empty into the 
lacrimal sac, and the sccrctioji that they carry is ultimately conveyed 
to the nose by means of the nosotocrimal duct (page 341). 

Eyelids: Tliose arc simply folds of thin shin. Tlicy arc illustrated in 
Figs. 158 and 160. A tarsal plate of dense fibrous connective tissue gives 
form to each eyelid. In this plate are embedded branched acinous tarsal 
glands (Meibom), of Uic holocrine variety. Tliey are modified sebaceous 
glands (page 252), opening by numerous ducts onto the margins of the 
eyelids. Tlieir secretion prevents the eyelids from sticking together and 
helps confine the tears to the conjunctival sac. 

Skeletal muscle fibers of the orbicularis oculi arc prominent in the eye* 
lid. They form a layer in front of the tarsal plate and scr\'e to close the 
lids. Tlie upper eyelid is raised by action of another muscle, which lies 
outside of tlie eyelid in the orbit and whose tendon inserts into the dense 
fibrous connective tissue of the tarsal plate as well as into the skin. 
Smooth-muscle fibers, forming the tarsal muscle (Muller), occur above 
the tarsal plate of the upper eyelid. 

The edges of the eyelids are bordered by the eyelashes, or cilia, wth 
their associated glands. Tliese form two or three irregular rows placed 
close together. They are strong curving hairs whose follicles are buried 
deeply in the border of the eyelid. Tlie eyelash follicles lack the usual 
arrector muscles, but they have sebaceous glands. A row of large modified 
sweat glands, the ciliary glands (Moll), is found behveen the follicles. 

EXTERNAL AND MIDDLE EARS 

The externol ear is made up of the auricle and external auditory 
meatus. The auricles are not particularly useful for catching sound waves, 
but you would look strange without them. Each is formed of thin skin, 
with scanty and very small sweat glands, over an irregularly shaped 
plate of elastic cartilage. The auricle opens into a cartilaginous and bony 
canal which is the external auditory meatus, lined with skin containing 
apocrine ceruminous glands which secrete ear wax. 
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The middle ear is a bony space, which separates the deeply embedded 
auditory organ proper from the outside world. It consists of the tympanic 
cavity and some irregular air spaces similar to the paranasal sinuses 
(page 341) but lined by much thinner epithelium. It opens into the naso- 
pharynx by way of the auditory tube (Eustachio), 

The tympanic membrane, or ear drum, separates the middle ear from 
the external auditory meatus. This is a thin dense fibrous connective- 
tissue membrane with skin on the outside and simple squamous epithe- 
lium on the inside. 

Two windows into the bony labyrinth of the inner ear are found on 
the medial wall of the tympanic cavity. These are not open communica- 
tions, for the oval window adjacent to the vestibule is blocked by bone, 
and the round window is closed by a membrane. 

The auditory ossicles bridge the tympanic cavity from the tympanic 
membrane to the oval window. They are three tiny bones: the malleus, 
partly embedded in the tympanic membrane; the stapes whose base fits 
into the oval window; and a third ossicle, the Incus, connecting the other 
two. The ossicles are covered with a layer of fibrous connective tissue 
and simple epithelium continuous with the lining of the tympanic cavity. 
Vibrations of the tympanic membrane can be transmitted by the ossicles 
to the internal ear.* 


INTERNAL EAR 

A series of oddly shaped channels in the particularly hard petrous part 
of the temporal bone comprises the osseus labyrinth. Like all bone, the 
channels are lined with periosteum, through which blood vessels and 
nerves can pass. In most places, some looser fibrous connective tissue 
lies over the periosteum, and this has spaces containing a special tissue 
fluid, the perilymph. These spaces and the perilymph are homologous 
with the subarachnoid space and its cerebrospinal fluid. They are lined 
with simple squamous epithelium. 

Suspended in the bony labyrinth by trabeculae that convey blood ves- 
sels, and cushioned from the bony labyrinth by perilymph, is a similarly 
shaped system of fibrous tubes and sacs. This is the membranous laby- 
rinth. It is lined with epithelium and contains another clear fluid, the 
endolymph. The bony labyrinth is deficient at the oval and round win- 
dows, which are closed by the stapes and a fibrous membrane. The mem- 
* See Visual Aids, 30 
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branous labyrinlli docs not come into such close association with the 
middle ear. All parts of the membranous Iab)Tinth intercommunicate, but 
no part communicates with any other space. 

Tlie epithelial lining is deriv'cd from the embryonic ectodermal otic 
vesicle. Tcvtboolvs of cmbryologj' tell the fascinating story of develop- 
ment of llie membranous lab^Tinths from ectodermal primordia. 
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FIGURE 161. Model of liitinan membranoiis I.ib}TintIi. From W. Spalicbolz, Hondal- 
las der Anatomic /Ics Mcntc/jcn, Wth «!.. 5. IlirzcK Lcipng. 1921. 


The term membranous labyrinth is not synonymous with organ of 
hearing hut refers to the system of tubes and \’esiclcs in which the ves- 
tibular as well as the auditory sensory receptors are located. The only 
part concerned with hearing is the cochicor duet. The rest is for balance 
and orientation. Subdivisions of the membranous labyrinth are the three 
semicircular canals with ampullae; the utriculus, into which the semi- 
circular canals and ampullae open; the sacculus, interposed between the 
utriculus and the cochlear duct; and the narrow interconnecting chan- 
nels, including a terminal dilatation of one of them which is the endo- 
lymphatic sac. The semicircular canals occupy separate bony channels in 
three spatial planes. The utriculus and sacculus together occupy tlie one 
bony vestibxile. The relationships of these various subdivisions of the 
membranous labyrinth are illustrated in Fig. 161. 
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Vestibular part of the labyrinth: The walls of the sacculus, utriculus, 
and semicircular canals are structurally alike. They are dense fibrous con- 
nective tissue lined with simple squamous epithelium except in regions 
where patches of special neuroepitlielium occur. One such patch is 
found in each ampulla, one in the sacculus, and one in the utriculus. The 
sensory areas of the ampullae are the crisfae, little ridges placed trans- 
verse to the long axis of the canal. The sensory areas of the sacculus and 


mass 



FIGURE 162. Ampullary crista of the posterior semicircular 
canal; guinea pig labynnth. The gelaKnous mass containing 
processes of hair cells has shrunk in fixation of the tissues. 
Photomicrograph, 90 X. 


utriculus are called maculae. All have similar structure, as illustrated in 
Figs. 162 and 163. 

The wall of the labyrinth is locally thickened at the cristae and macu- 
lae. The epithelium increases in height, becomes columnar and then 
pseudostratified, and rests upon a basement membrane. Among the tall 
columnar cells are some short ones located at the surface of the epithe- 
lium. These do not reach the basement membrane. They have tufts of 
long nonmotile cilia, giving them the name hair cells. The tufts of cilia 
extend into the endolymph and support a layer of gelatinous substance on 
their tips. In the maculae, this is the otolithic membrane. It has little 
crystalline particles embedded in it which are called otoconlo. The ciliary 
tufts of the cristae are covered by a thin gelatinous substance* 

The subjacent fibrous connective tissue is thickened and contains ves- 
tibular nerve fibers. These pierce the basement membrane, and their ter- 
minations ramify around the bases of the hair cells. Stimulation of the 
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hair cells by mov'cment of the head or changing its position initiates nerve 
impulses. 

Cochlea: TIic auditory part of the bony labvTinth is the cochlea. It is a 
spiral channel about 6 cm. long which makes two and onc-haU turns in 
man. When viewed in mesial section from base to apex, as in Fig. 164, 
a central bony stalk, the modiolus^ will be hccn. A spiral shelf of bone 
winds up the modiolus like spiral stairs around a central pillar. This 
osseous spiral lamina partly subdivides the bony cochlea. 

J.;;. . 1 ,^- ,\._v|)artsof.:'' 

»iL .otoconia'. otolithic membranc',j2?i 


FICUIIE 1C3. Macula of tl»e ulrfcle; giiJnca p ’ ' ..i. 'i«e otwuliie mew* 
hrane has been defonued jn prc*scrvat»on of the tissors, otoconia are present. 
I’hotomicrograpli, 90 X . 

Like Other parts of the born' 1ab)Tmth, the cochlea is lined with Bbrous 
connective tissue forming its periosteum. Tin's varies in thickness on dif- 
ferent parts of the cochlear wall. It is especially thick, spongy, and vascu- 
lar on the outer wall, where it is called the spiral ligament. 

The cochlear duct is the membranous labjTinth of the cochlea. It has 
blind ends but communicates at its lower turn with the sacculus by a 
little tube, the ductus reunlens. nirough this, the endolymph of the coch- 
lear duct may pass into the membranous vestibular labyrinth. The coch- 
lear duct is a fibrous connective-tissue tube lined with epitlielium, some of 
which IS neuroepithelium In this respect, it resembles other parts of the 
membranous labjTinth. But here tlie similarity ends, for the cochlear duet 
has become remarkably specialized. 

Instead of being loosely suspended in the bony labyrinth by trabeculae 
of fibrous connective ti.ssue. as is the case of the vestibular }ab)Tinth, the 
cochlear duet is fused with the spiral ligament on the outside and with 
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the osseous spiral lamina internally. These attachments cause it to as- 
sume a triangular shape in cross section. The connective tissue of its 
upper wall is very thin. That of its lower wall is very stout and forms 
the basilar membrane which is stretched between spiral ligament and 
osseous spiral lamina. The basilar membrane is a ribbon of dense fibrous 
connective tissue. As is clearly seen in Fig. 164, it is narrowest in the 


FIGURE 164 Human cochlea sectioned through the modiolus- b, basilar mem- 
brane (compare width in lower and upper turns); c, cochlear duct, g, spiral gan- 
glion; I, spiral ligament, n, cochlear nerve bundles, o, osseous spiral lamina; t, 
scala tympani; v, scala vestibuh. Connective-tissue stain. Specimen by Dr. Har- 
old Koenig Photomicrograph, 15 X 

lower turn and widest in the upper turn of the cochlea. It contains cross 
libers of progressively increasing length, the auditory strings, and may 
well be thought of as comparable to a harp. 

The thin upper wall of the cochlear duct is lined with simple squamous 
epithelium and is called the vestibular membrane (Reissner). The 
spongy outer wall, which attaches to the spiral ligament, is lined by 
pseudostratified epithelium forming the stria vascularis, so called because 
it contains capillaries from the subjacent connective tissue.® The epithe- 
lium of the basal wall of the cochlear duct is columnar but presents a 
® This is an excepbon to the rule that there are no blood vessels in epitheha. 
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most remarkable appearance where it is adapted to receive vibrations 
and tmnslalc them into ncivc impulses. Tlicrc it forms the spiral organ. 

Tlie spiral organ (Corli) is a complex arrangement of tail supporting 
cells, resting upon the basHar membrane, and short hair cells with cilia, 
upon the tips of which rests a delicate tectorial membrane. Tins peculiar 
filamentous tectorial membrane is derived from more mesially placed 
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These perilymph spaces receive special names in the cochlea. That above 
the cochlear duct is the seala vestibuli; that below is the scqla fympani. 
The seala vestibuli communicates freely with the perilymph spaces of 
the vestibule surrounding the sacculus. The seala tympani ends at the 
round window, which is covered by a thin membrane separating it from 
the middle ear. Both scalae are lined by a little connective tissue and a 
simple squamous epithelium like other perilymph spaces. 

We shall leave the physiolo^ of hearing to other courses. It is a fas- 
cinating subject but requires some speculation. Sound vibrations are 
transmitted to the fluids of the inner ear by the ossicles. They impinge 
upon the seala vestibuli through the oval window and set up force waves 
in the perilymph. How the hair cells are stimulated is not known. The 
harp-like basilar membrane may be caused to vibrate. Its lower short 
strings respond to higher frequencies of vibrations than its upper long 
strings. This appears to be part of the mechanism for selective sound 
analysis: high tones at the lower, and low tones at the higher end of the 
cochlear duct. 
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ihe integument or skin is far more than a protective hide to cover the 
body. It is an organ of great fmporta«»cc in regulating body temperature 
as wcU as in the reception of stimrdi telling of changes in the evtcrnal 
environment. It contains a substance that is a precursor of r itamin D. 
Other interesting functions arc performed by the skin. Although its pro- 
tccth'c qualities are Jess well developed in man than in many other ani- 
mals, it does \’ery n cll Nvithout a heav)' coal of lialr. With adequate func- 
tioning of its blood ycsscU and accessor)' glands, it protects the body to 
a remarkable degree. 

Cooling of the blood is accomplished readily because of the great r’as- 
cularit)' of the iutegumeut and the efficient interaction of sweat glands, 
nerves, and blood \esscls. Under resting conditions and moderate tem- 
perature surroundings, about 12.5 per cent of the heat produced in the 
body is lost through the skin. Almost 20 per cent of the daily fluid loss 
—450 cc. or more— IS carried out through the skin. Under conditions of 
high external temperature and tluring exercise, more heat and greater 
quantities of water are dissipated through the integument. Whth this 
fluid go some of the body's precious electrolyies, notably sodium chloride. 

The integument is an organ of considerable size, weighing between 3 
and 5 kg. in the adult. It covers 0.25 sq. meters of surface at birtli, increas- 
ing to 1.75 sq. meters at maturity. This sex’enfold increase in surface area 
is accompanied by a twentyfold increase in body weight. Consequently, 
the ratio of skin area per kilogram of weight declines from 800 sq. cm. at 
birth to 300 sq. cm. in the adult. 

The integument varies considerably in thickness and in structural ap- 
pearance. It is thinnest on the eyelid and the tympanic membrane of the 
ear measuring less than 0.5 mm. It is thickest on the back of the neck 
S40 


SKIN 


241 


and the palms and soles. On your own hands, it is probably 2 or 3 mm. 
thick, but it may reach 5 or 6 mm., or even more, on the palms of men 
who labor with their bands. Special structural features of the integument 
are hair, nails, and sebaceous and sweat glands. 

SKIN 


The skin is made up everyNvhere of two principal layersj the epidermis, 
which is epithelium, and the corium, which is connective tissue. The epi- 



FIGURE 186. Thm skin of the hujuan upper eyelid. This is one of tlie least 
highly de\eIoped types, consisting of narrow epidennjs, e, and conum, c. 

The stiatuni cotneum is a tlun dark line on the surface. A sebaceous gland, 

5, and part of a hair follicle, 1i, are wsiblc. The muscle of the eyelid, m, ap- 
pears at the bottom on the right. Photomicrograph, 50 X 

dermis is completely avascular but docs coutam some nerve endings. The 
corium is richly supplied with blood and lymphatic vessels and has many 
kinds of nerve fibers and ners’e endings in it So richly supplied rvith 
nerve endings is the skin that some histologists describe it with the sense 
organs. 

Corium. The corium is sometimes called the derma. It consists of an 
outer popiilary stratum fitting closely against the epidermis and a coarser 
reticular stratum lying deeply. The outermost fibers of the papillary 
stratum are not only collagenous but also elastic and reticular. They are 
said to form a delicate basement membrane for the epithelial cells of the 
epidermis, but such a structure cannot be seen in ordinary preparations. 

Tlie reticular stratum of the conum blends with the subcutaneous con- 
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necllvc tissue, or tela subcutaneo/ chilled the superficial fascia in gross 
anatomy. It is usually quite impossible to say where the boundary lies 
(Figs. 166 to 163). Variable amounts of fat occupy the subcutaneous 
tissue. Among lobules of fat arc found portions of the sweat glands, hair 




FIGURE 167. Tliin skin of a liuman wrist over the radial artery. This is 
thicker Uun that shown in Fig. 166 and has a «ider epidermis, e, and cofiam, 
c. Two layers, stratum comeum, co, and stratum germinativum, ge, comprise 
the epidermis. Sweat glands, sio, in the corium show lighter secreUng and 
darker duct porUons. Subcut.rneous tissue is indicated at t. Photomicrograph, 

50 X. 

follicles, blood vessels, lymphatics, nerves, and nerve endings. Skeletal 
muscle occurs in a few places. 

The division between corium and epidermis is very sharp, but it is not 
an even plane or a straight line in most places. The corium is thrown up 
into ridges and secondarily into papillae that project into the epidermis 
and alternate with similar downward projections from the epidermis. The 
connective-tissue popillae of the corium serve to increase the number of 
blood capillaries exposed to the basal epithelial surface of the epidermis. 
The papillae may be simple or complex. Most of them contain capillary 
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loops. Some have special nerve endings, such as the tactile corpuscles 

(Meissner), which are especially numerous in the papillae of the index 

finger. 



FIGURE 168. Thick skin from palmar surface of a human finger. This 
sho\vs a lieavy muUjl.'!)cred epidermis, e, the corium, c, and a small part of 
the subcutaneous tissue, t. Other abbreviations are d, duct of a sweat gland, 

/, fat, p, papilla of the corium; sit>, sweat gland. Compare Figs. 166, 167, 
and 168. Photomicrograph, 50 X. 

Elastic fibers of the reticular stratum of the corium permit the over- 
lying parts of the skin to move freely upon the more deeply placed tissues 
in most regions. Where they arc few and where collagenous fibers pre- 
dominate, the skin is less movable. Tlie collagenous connective-tissue 
fibers of the corium arc arranged roughly in layers tangential to the sur- 
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face of the shin. In many regions, there is a predominant orientation oC 
fibers parallel to one another. Consc?q«cntly, pwncture wounds of the skin 
do not leave round holes bnl result in elliptical or slit openings, with the 
long axis of the slit at right angles to the prevailing linear fibers of the 
corium. 

EpUlcrmis of thin skin: Tire epidermis consists of stratified squamous 



FIGUHE 189. Skin of the wrist, showing stratum corneum, ca, and stratum gerau- 
nallvum, gc, clcarl)’, and part of tlie corium. c. A single row of cells comprises tire 
stratum gr.iniilosnm. gr. T)ior<? is an imperfect stratum lud-dum in the dork band. 
Pijotomicrogr.ip!u 300 x . 

epithelium. It is divisible into Wto distinct strata in all regions and three 
or four strata in many locations. Tliin skin Is the prevalent l)’pe. It iisu> 
all)' presents only two clearly defined epidermal layers, as may be seen 
in Figs. 166, 167, 169, and 170 

The outer stratum cornewm of the epidermis of thin skin Is formed by 
many layers of fiat scale-hke dead cells whicJi stick together tenaciously 
but are constantly being swept off the free surface They are replenislied 
by cells from the deeper, living strata. 

The iuner stratum germinotivum is of variable thickness, greatest be- 
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tween the papillae of the corium. A basal row of columnar cells rests 
upon the connective tissue of the corium. Above this row of cells is a 
zone of polyhedral cells which usually appear to be covered with spines. 
These spines are delicate protoplasmic bridges connecting one cell witli 



FIGURE 170. Genital skin of a Negro woman, witk pigment in the basal cells, p, 
of the stratum germinativum. A narrow stratum granulosum, gr, is present. Photo- 
micrograph, 300 X . 


another across the interstitial substance (Fig. 27). The outer cells of the 
stratum germinativum usually appear somewhat flattened. 

In many regions, there is an abrupt transition to the stiatum corneum, 
with little indication of the special layers characterizing epidermis of 
thick skm. Occasionally a single or double row of flat cells, whose cyto- 
plasm contains dark granules, lies between the stratum geiminativum 
and the stratum corneum. This constitutes a rudiment of the stratum 
granulosum. Sometimes an indefinite and incomplete stratum lucldum 
is found external to it. The skin of the wrist illustrates a type in which 
both these strata, thin but distinct, are usually present (Fig. 169). 

Epidermis of thick skin. The epidermis of the hairless skin of the palms 
and soles differs from that of general body integument not only in thick- 
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ness but also in degree of specialization of its strata. The stratum ger« 
minativum is thick and extensively indented by papillae of the corium. 
Mitotic figures are frequently encountered, but they are by no means 
confined to the basal layer. Tire ^eatest number of dividing cells occurs 
in the middle third of the stratum germinativum 

A stratum granulosum is formed by hvo to five rows of flattened cells 
at the outer border of the stratum germinativum. Their cytoplasm con* 
tains deeply staining granules whidr are preciursors of the keratin found 
in the dead cells of the outer comified layer. 

Just outside the stratum granulosum, a clear, highly refractive line ap- 
pears in most sections. This is the stratum lucidum (Fig. 18B). It con- 
tains a number of rows of flat cells containing eleidin, a substance formed 
by dissolution of the granules from the stratum granulosum. 

The stratum lucidum gives way abruptly to the stratum cornevim. This 
layer is very much thicker and firmer over the palms and soles than on 
the general body skin. Compare the two types of epidermis in the accom- 
panying photographs. 

Sfein color; Skin color is largely a function of the epidermis. The 
stratum corneum has an inherent yellowish color due to its content of the 
pigment, carotene. This is modified by blood color shining through from 
the corium. All individuals e.xcept albinos possess melanin pigment. 
Those of fair complexion have it confined to the cells of the deep layer of 
the stratum germinativum (Fig. 170). In Negroes, it is found in all parts 
of this stratum and may appear in the stratum granulosum as well. Nfel- 
anm is deficient in palmar and plantar skin and occurs in increased 
amounts in genital, circumanal, and axillary skin, as well as in the areola 
and nipple of the breast. Tlie freckles of adolescence and senility are 
small spots of increased melanin pigmentation. A physiological increase 
in melanin production occurs after exposure to ultraviolet light or to the 
summer sun of the bathing beach. 


HAIR 

The relative hairlessness of man is proverbial. It is more apparent than 
real. Closer inspection will show that most of his body is covered with hair, 
but it is fine, soft, and inconspicuous in many regions. Only a few places 
lack hair. The palms and soles together with the dorsal aspect of terminal 
parts of the digits are truly hairless. So are the red lip borders, the skin 
of portions of both male and female genitalia, nipples of the mammary 
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FIGURE 173 Human scalp, showing bxilbs of two hair follicles with indenting 
connective-tissue papillae Abbreviations are con, connective tissue continuous 
with the corium; cti, liair cuticle, cs, external root sheath, f, fat, h, hair, is, inner 
root sheath, pa, papillae Photomicrograph, 150 X. 
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gional variations in its coarseness and Jengtii. Individual and racial varia- 
tions arc interesting, but tlieir study properly belongs elsewhere. 

Hair forms an important protective coat and heat insulator in most 
mammals. It is impossible to make a good functional case for it in man, 
except perhaps for hair of the scalp. TIic eyelashes serve a useful purpose. 
Tljc role of liairs in tactile perception seems worth while, although large 
tactile vihrissae that characterize oilier mammals arc missing in the hu- 
man species. Human hair is not sufiiciently important to give it much 
space, ami the student whose curiosity is unsatisfied by llic present ac- 
count is advised to tuni elsewhere. 

A hair consists of a shaft which is free and a root which is embedded 
in a hoir follicle (Figs. 172 and 173). The shaft is formed by comified 
cells whose outer single layer is called the cuitclc. These cells are flat, like 
the outermost flat cells of the stratum corncum of the skin. Tlie inner cor- 
nified hair-shaft cells are elongated. Tlie comified cells arc formed from 
living, actively dividing colls in the bulb of the hair follicle. They are 
comparable with tliose of the stralum germinalinim of the skin. 

Tlie hair follicle is an invagination of the skin into subcutaneous tissue. 
All skin layers turn inward. Tlic stratum corncum disappears down about 
the level of the opening of sebaceous glands. TIic stratum granulosum, if 
present, ends at about the same level Tlie stratum germinativum ends as 
the outer root sheath of the hair, playing out at the base of the hair bulb. 
Tlic two layers of corium lie external to the outer root sheatli with a base- 
ment membrane between the papillary stratum and the root sheath itself. 
The papillary stratum of the corium passes up into the hair bulb forming 
a papilla, like those iuvaginating the stratum germinativaim of tlie skin 
(Fig. 173). 

Tlie inner root sheath of the hair extends vip along the hair from the 
bulb. It lies between the cuticle of the hair shaft and the outer root sheath. 
It has a number of named layers which students nex’er remember because 
they are of no consequence. The inner root sheath plays out below the 
openings of the sebaceous glands. 

Smooth muscles of hair follicles, the arrector pili, attach to the fibrous 
sheath of the hair follicle on the leeirard side of the hairs. These muscles 
extend diagonally past the sebaceous glands and insert into the papillary 
layer of the corium. Contraction serves to elevate the hairs, also to de- 
press the skin near the hairs to form goose flesh. 
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NAILS ' 

Nails, like claws and hoofs, are a modification of the stratum corneum 
of the epidermis on the dorsal aspect of the terminal parts of the digits. 
They are horny plates overlying a well-developed stratum germinativum, 
called the nail bed (Fig. 174). A nail is rooted in a channel, the nail 



FIGURE 174, Fingernail sectioned transversely to show the ridges of the 
conum, compare with skin. Photomicrograph, 150 X. 


groove, which is formed by a flap of skin, the nail fold. Laterally, the nail 
borders upon the stratum corneum of the epidermis. The proximal nail 
fold carries the stratum corneum into the nail groove above the root of 
the nail. Stratum lucidum and stratum granulosum, when visible, end m 
the groove, and the stratum germinativum continues to meet that of the 
nail bed. The stratum germinativaim is thickened and is called the matrix 
in the nail root, where active cel! proliferation and nail growth occur. The 
corium of the nail bed has ridges arranged longitudinally, down which 
the nail glides from the matrix in the root as a launched ship glides down 
the ways (Fig. 174). 
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GLANDS OF THE INTEGUMENT 

Glnncls associated with the skin and formed as ingrowths of it are the 
sebaceous, sudoriferous, apocrine, and mammary glands. 

Sebaceous ghnch: These are iiolocrhie glands of simple or, more rarely, 
branched alvcol%ir t^'jies. Most sebocoous glands arc associated witli hair 
follicles, opening by means of short ducts lined with stratified cpitlieluim 
continuous vv'ith that of the outer root slieath of the hair. Tliey dtscliarge 
their secretion, sebum, into tlie hair sheath at the neck of tlic hair follicle. 

Tlic secreting |>ortlon of the schact^ons gland Is an ovoid mass of epi- 
thelial cells (Figs. IGG and 172). Tlic outer rim is formed by a row of 
epithelial cells of the gcrminativc layer resting upon a delicate basement 
membrane wbicli is contrlbutctl by the corinm. The limer cells, instead of 
being flattened, are greatly swollen with secretion droplets of a fatty 
nature. These cells arc in an advancer! stage of physiological degeneration 
(Fig. 18/1). Tlicir nuclei, when visible, are misshapen and pyknotic. 
When tlicse cells disintegrate and discharge their secretion, replacements 
move up from more periplieral locations, especially from that portion of 
the rim nearest the gland neck. 

Some very large and compound sebaceous glands are found in the skin 
of the nose and e.vternal ear, but their slmcture is no different from that 
of the more common variety. Special sebaceous glands. In the form of 
simple alveoli branching from a single duct, are found in the upper eye- 
lid. niesc arc the tarsal glands ( Fig. J60). At the borders of haii less skin, 
sebaceous gl.mds unassociated with hair follicles are found. The palms 
and soles lack selxiceous glands. 

Sudoriferous glands: These arc the sweat glonds. They are simple, 
coiled tubules located in most areas of skin, absent only in the skin 
of the nipple, margins of the lips, concai'e surface of the external ear, and 
in portions of the genital skin. In some locations, they are very much less 
numerous than in other places. Few are found on the eyelid. Tliere are 
about 90 per square centimeter on the leg, almost 400 per square centi- 
meter on the palms and soles, and even greater numbers on the finger tips. 

Most sweat glands are located in the reticular layer of the corinm, al- 
though some of the larger ones are found in the subcutaneous connective 
tissue. They appear as tubes folded or coiled irregularly though rather 
tightly, and forming glomenih embedded in fibrous connective tissue. 
Each glomerulus is about 0 1 to 0.5 mm. in diameter. The greater part of 
each glomerular coil is made up of the secreting portion of the tubule. 
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About one-fourtli of the coiled portion is excretory duct. S\veat glands 
may be seen in Figs, 167 and 168. 

The secretory part of the tubule is formed of simple columnar epithe- 
lium resting on a basement membrane which is contributed by the sur- 
rounding connecti\'e tissue of the corium. Between epithelium and base- 
ment membrane, some spindle-shaped myoepithelial cells are located 
(Fig 175). Tliese contract and serve to hasten excretion of sweat under 
the infiuence of nervous stimulation. 



FIGUBE 175 Seereling portions of a human meat gland, showing myoepithelial 
cells, m, anti basement membrane, f> 600 X • 


Tluce parts of a sweat-gland duct can be distinguished. The first part 
is that wlncii is folded among the secretory coils of the gland. It begins 
abruptly Tlie myoepitbehal cells end, and the columnar secreting cells 
give way to a double or triple layer of lower columnar cells which have 
darker cytoplasm than tlie secreting cells. The diameter of the duct is 
only about half that of the secretory tubule. Sometimes a slight surface 
eornification of the cells next to the lumen can be observed. The second 
part of the duct runs toward the epidermis with winch its cells blend 
(Fig. 16S}, The third part, especially where it traverses the thickened 
stratum corneum of the palms and soles, is twisted like a corkscrew (Fig. 
176). As the duct enters the epidermis, its cells are lost among those of 
the stratum germinativaim The basement membrane blends with the 
papillary stratum of the cormm. The lumen is all that is left. It runs 
through the epithelium as an clcidin-lined twisted cleft. 

The importance of the sweat glands can scarcely be overemphasized, 
although they are not indispensable for life. Occasionally they are defi- 
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cicnt Or even largely absent. Tlieir secretion is a water)' fluid containing 
some solutes, mainly sodium chloride. A certain amount of moisture es- 
capes directly from the skin, and evaporation of this imperceptible per- 
spiration is sufRcienl to meet ordinary needs of tire skin. Tlie secretion of 
the sweat glands is essential in the regulation of body temperature during 
unusually warm wcatlicr and during exercise. Ilcgulalion of body tem- 
peiature by llic sweat glands, as in man, is a plienomenon that is not gen- 
eral among mammals. 



finger Carinfno stain Spociinon in the Timol coUcftion. Pliotoiiiicrogr.'ipli, SO X. 

Apocrine glands of the skin: Special ty'pes of sweat glands are found 
in a number of places, differing from the ordinary sudoriferous glands, 
not only in size but also in mode of formation of secretion. They produce 
substances that are chemically different from sweat and contain portions 
of the cells that produce them (page 41). Apocrine glands occur in the 
skin of the axdla, scrotum, labia majora, and the circumanal regions. 
Tliey develop or become enlarged at pubert)’, and those of the female 
undergo hypertrophy ^vith eacli menstrual cycle. Structurally, the apo- 
crine glands resemble ordinary sweat glands, but they measure from 
1 to 5 mm. in diameter, are more deeply placed in the subcutaneous tis- 
sue, and empty into hair follicles instead of onto the surface of the skin. 
Myoepithelial cells are well developed in these glands. 

Other somewhat similar apocrine glands are those of the areola of the 
breast, the ciliary glands of the eyelid margins, and the cenuninous 
glands of the external auditory meatus. Tlie areolar glands are large 
compound tubular glands which may be considered transitional between 
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sweat and mammary glands. The ciliary glands of the eyelid are rela- 
tively straight, simple, or branched tubules. The ceruminous glands, 
larger than most others, have branched coiled secretory portions and 
often have branched duct systems. Their secretion is thick, filled with 
yellowish pigment, and solidifies upon exposure to the air, forming the 
ear wax. 

Mammary gland: This is a very much hypertrophied gland of the in- 
tegument. Because of its importance and its relation to endocrine func- 
tion and the reproductive cycle, it is considered separately in the last 
chapter of this book. 


VESSELS AND NERVES OF THE INTEGUMENT 

The arteries that enter the skin from the subcutaneous connective tis- 
sues first form an anastomosing network, the cutaneous plexus in the 
reticular stratum of the corium. Small branches pass upward from this 
plexus into the papillary stratum, where another anastomosing network 
is located. This is the papillary ple.xus; it gives rise to the capillary tufts 
of the papillae of the corium as well as the little vessels that supply the 
sebaceous glands and upper portions of the hair follicles. The sweat 
glands and deeper parts of hair follicles are supplied by branches from 
the cutaneous plexus. Arteriovenous anastomoses are found in many lo- 
cations, especially m the skin of the palms, finger tips, nail bed, and in 
the lips. 

Venules collecting blood from capillaries of the papillae of the corium 
form a delicate papillary plexus. These flow into a network of larger 
venules between papillary and reticular strata of the corium. A third 
plexus is formed by the larger subcutaneous veins, and this receives 
tributaries from all parts of the skin. 

LjTnphatic capillaries are numerous in the papillary stratum. Collect- 
ing lymphatics are found more deeply, especially in the superficial fascia. 
They are not present in great numbers in deep fascia. 

The integument is very well supplied with nerves and sensory nerve 
endings. All the nerve fibers are not in the sensory category. A great 
many enter the skin to supply the smooth muscle of blood vessels for 
the purpose of regulating the amount of blood flowing through this or- 
gan. Others end upon the smooth muscles of the hair follicles, the ar- 
rector pih, and the myoepithelial cells in the secretory tubules of the 
sweat glands. 



256 


LNTECUMENT 


Tlie sensor}' nerve endings were described in Chap. 11. One of the 
main functions of tlic skin is the reception of stimuli from changes in the 
c.xtcrnal environment. Not all regions of the skin are equally receptive. 
As yon well knosv, the hands and feet, hut especially the palmar surfaces 
of the fingers and tljat of the indev finger in particular, arc more richly 
supplied with tactile end organs than sucli regions as the thigh and back. 
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Month and Pharynx 


T-he process of digestion begins in the month. There food is mashed 
by the teeth and softened and lubricated by fluid and mucus secreted 
by many glands that open into the mouth. After chewing has moistened 
the dry food and reduced its coarseness, it is passed into the pharynx by 
the tongue. Swallowing is initiated in the oral pharynx, the vestibule 
of the esophagus. The mouth is more than a convenient starting point for 
a pleasant meal. Because of the roles it plays in speech and breathing 
and because the battle against invading microorganisms and toxins starts 
in the mouth, its lining membrane assumes considerable importance. 

AfaCOf/S ^fEMBnANES 

The entire digestive tract, like other passageways, is lined by a mucous 
membrane’- whose characteristics vary in different parts. In its simplest 
form, a mucous membrane consists of epithelium resting upon a layer 
of connective tissue. The connective-tissue layer is called the lamina 
propria and is the stroma of the mucous membrane. It is often like the 
papillary stratum of the corium. It may be loose orjairly dense, and it 
contains a good many elastic fibers. In the lamina pfoprjfi fun many 
blood vessels, lymphatic vessels, and nerves, there may be some smooth 
muscle. Lymphatic tissue is commonly found in abundance in the lamina 
propria. A prominent bosemeni membtaoe is often encountered jnst be- 
neath the epithelium 

Tlie mucous membrane of the mouth and pharynx is fastened down 
to muscle, bone, or dense fibrous connecKve tissue in most places. In 

’ The term mucous membrane does not imply that mucus is always secreted by it or 
even associ.ited with it The mucous membrane of Uie urinary bladder is an example 
of one that secretes no mucus 
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some places, it is slightly attached to deep structures by a lonico sub* 
mucosa of looser connccti\'c tissue. Glands lie in tlio lamina propria or 
in tlic submucosa and empty by ducts onto the epithelial surface. Large 
glands, like the parotid, are found some distance away from the mucous 
membrane, upon which they pour their secretion. Part of the pliaryngeal 
mucous membrane has goblet cells within the epithelium itself. These 
secrete mucus. 


MOVTU CAVITY 

Tlic mouth cavity may bo divided into \'cstibule, in front of the teeth 
and gums, and the mouth proper behind them, Tlic longue is in the 
mouth proper, Tlie tonsils are locatctl at tlic rear, wlicrc the mouth and 
oral pharynx join. Tljc palate forms tlic roof. 

The oral mucous membrane is a little like tlic skin. Its epithelium is 
stratified squamous, but it is thicker than (hat of most skin and Is comb 
fied in only a few places. Tlic lamina propria projects into it to form 
connective-tissue papillae, like (he papillae of the corium. Tliese contain 
loops of capillaries, as well as nerve fibers ending in the epithelium. 

Lips and checks: The lips and cheeks are formed principally by skele- 
tal muscles and fibrous connective tissue covered on the outside with 
thin skin and lined by the oral mucous membrane. 

Tlic red morflin of tlic lips marks the transition between skin and 
mucous membrane. Its epithelium is thicker than that of the skin. The 
outer cells contain oleidin, for they are in the process of cornification. 
This renders them translucent and permits the richly vascularized lamina 
propria to be seen through them, imparting the red color to the lips. 
Hair and sweat glands stop abruptly at the margin, but a few sebaceous 
glands may be present beyond it. Figure 177 shows the lip in low mag- 
nification. 

Tlie red margin blends at the inner lip surface with mucous membrane 
which has noncornified epithelium like that of the cheek. The lamina 
propria forms especially prominent papillae on the inner free margin of 
the red border. The mucous membrane of lips and cheeks blends with 
submucous connective tissue, dtmse strands of which serve to tie tlie 
mucous membrane down to underlying muscles and thus prevent it from 
getting in the way of the teeth during cliewing. 

Glands of the lips and cheeks are numerous, labial glands form a ring 
about the oral opening at the inner border of the red margin. They are 
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principally tubulo-acinous mucous ^ands, although a few groups of 
serous cells are present. Glands of the cheeks are called buccal 0lands 
in the submucosa and molar glands outside the muscle of the cheek 
near the parotid duct. Both are predominantly mucous glands. 

•• v'‘ v." : i'lae 
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FIGURE 177. Human L'p, shosving the transition from skin to mucous mem- 
brane. The red hp border has prorninent connective-tissue papillae Specimen m 
die Piersol collection (see I’lersols Normal Iltsie^ogif, 1 itli ed , Fig 177, Ljppin- 
cott, 1029). Photomicrograph, 15 X. 

Gt/m^ or gingivae. Gums are formed by mucous membranes reflected 
onto the alveola portions of the mandible and ma.KiUa from the lips, 
cheeks, floor of the mouth, and palate. The basal cell layer of the gingi- 
wal epithelium may be pigmented in dark-skinned individuals, especially 
in Negroes. The superficial squamous cells are often cornified, and a 
stratum grannlosum may be present. Cotnification is related to abrasion 
by coarse food. The epitlielium turns down at the margin along the 
teeth, lining one side of a potential cleft, tlie other side of which is 
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formci! hy tooth ciramcl in youth anti ccmcntum in the aged (Fig. 178). 
Tlie lamina propria of the gums is dense and firmly anchored to sub- 



FIGURE 178. Junction of ffum and tootli Decalcified preparation in which the 
enamel has been dissolx-ed leading a clear space Photomicrograph, 40 X. 


jacent periosteum. Its connective-tissue papillae are very tall. No glands 
are present in the gums. 

Palate: The roof of the mouth is formed by the palate. The mucous 
membrane of tlie gums of the upper jaw is continuous with that covering 
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the hard polate. This membrane is firmly united with subjacent perios- 
teum. Its epithelium resembles that of the gums and has cornified cells 
on its surface. Numerous palatine glands, composed of mucous acini 
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with small ducts, arc found beneath the mucous membrane. Irregular 
transverse ridges characterize the anterior part of tlic hard palate. 

TIio soft palate is formed of mucous membranes on two sides of a 
layer composed of skeletal muscle, fibrous connective tissue, and glands, 
ns seen in Fig. 179. At the place where the mucous membrane folds over 
the free surface, a prolongation of the palate liangs dowm into flic mouth. 
Tills is the uvulo. Tlie oral side of the soft palate and unila are covered 
with noncornified stratified squamous epithelium. Tlie pliar)aigeal side 
resembles the oral side for a little way beyond the border, but then be^ 
comes lined with pscudoslratified epithelium with cilia and goblet cells. 
The lamina propria lacks the high connective-tissue papillae seen in 
sonic other places. It is connected with the layer of mucous glands by 
many elastic fibers. Lymphocytic infiltration is usually encountered in 
the lamina propria and epithelium. 

TONGUE 

The tongue is an organ of no mean importance. Not only is it n device 
for making speech possible and the tool for moiing food, but it is the 
great tester of substances that enter the moutli, accepting or rejecting 
the materials to be submitted to the digestive organs. It is an important 
sense organ, richly endowed with nerve endings for touch as well as 
special endings for taste and chemical sense. The tongue may be thought 
of as an evagination of (lie mucous membrane of tlie mouth floor by a 
mass of skeletal muscle. 

Mucosa and submuepsa: Tlie mucous membrane of the tongue is 
closely adherent to the subjacent muscle. A submucosa is present only 
on part of its lower surface. The mucosa on the underside is tliin and 
loose. This is especially true at the frenulum of the tongue, where it 
joins the mucosa of the fioor of the moutli. 

The mucous membrane of the undersurface is quite smooth. That of 
the borders and anterior two-thirds of the upper surface is peculiarly 
roughened by many fine projections (Fig. ISO). These are tlie tiny fin- 
guol papillae that give this papillary orea a plush-like appearance. The 
posterior one-third of the dorsal surface has an irregularly bumpy ap- 
pearance and lacks the fine plush of the anterior hvo-thirds. It is char- 
acterized by lymphatic nodules in the lamina propria and is called the 
lymphatic area. The boundary betiveen these two portions of the mu- 
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cosa is marked by a V-shaped sulcus in the infant. This sulcus disappears 
and the row of vallate papillae lies near the boundary in the adult. 

Lingtiai papfflcc; The papillary area of the lingual mucous membrane 
is beset by the lingual papillae, some of which arc illustrated in Fig. 180. 



FIGURE ISO Human tongue, shoxvlng the luncdon of the rough papillary dorsal 
surface with the smooth lateral suTlaco. Note the interlacing muscle bundles run- 
ning in three piano. Photomicrograph, 7 X . 


Most numerous are conicoi and thread-like filiform popHfae. Nfany 
have brushes of secondarj' papillae on their tops, Tlie papillae tend to 
occur in multiple rows, parallel to tlie V-s!iaped sulcus and radiating out- 
ivard and fontard from the mid-line of the tongue. The taller conical 
papillae mav project as much as 3 mm. The surface epithelial cells are 
flattened, although they are not comified in man. The lamma propria ex- 
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tends into the base of each papilla a little way but not far enough to 
give the papilla a pink color. 

Fungiform papillae are small mushroom-shaped projections scattered 
over the tongue surface in small numbers. Tlicy are visible as little red 
spots, because the lamina propria comes close to the upper surface 
where the epithelium is thin. Tliesc papillae arc lower and thicker than 
the conical papillae. Some have taste buds. 

The vallate papillae arc the largest (Fig. 181). Tliere are seven to 



FIGUItE 181. Vall.ile papilla, Imman (on^c. riiotomicrogroph, 40 X. 


eleven of these arratiged in a V-shaped line at the rear of the papillary 
area. They do not rise above the level of Ure other lingual papillae, but 
each is surrounded by a moat, 1 to 1.5 mm. deep. Tliey measure 1 to 2 
mm. across the free surface. A ring-shaped wall of mucous membrane, 
nearly free of filiform projections, encircles each vallate papilla. Taste 
buds are always numerous in the epithelium lining the moat. Ducts of 
the serous gustatory lingual gkinds empty into the bottom of the moat, 
keeping it full of clear fluid which serves as a solvent for particles of 
food substances to be tasted. 

Foliate papillae may be found at the side of the tongue, just in front 
of the anterior palatine arch. They are rudimentary in man but well de- 
veloped in some animals. When present, they appear as parallel vertical 
folds of the mucosa. 

Taste buds: Tliese are small ovoid bodies embedded in tlie stratified 
squamous epithelium of the tongue. Each taste bud occupies an entire 
thickness of epithelium from lamina propria to a little opening, the pore 
canal, on its free surface. Taste buds are widely scattered but are most 



numerous studding the walls of the moat surrounding each vallate pa- 
pilla. They are not confined to the tongue, having been found in the 
palate, pharyax, and even the epiglottis. Their number is greatest at 
birth. Taste buds in a trench between foliate papillae of a rabbit are 
shown in Fig. 182. 


FIGURE lo2. Taste buds lining a trench between foliate 
papillae of a rabbit, one (marked, p) shows a pore canal. 
Photomicrograph, 300 X . 

Each taste bud is formed by a number of tall columnar epithelial cells 
bunched together something like segments of an orange. An occasional 
low basal cell may be seen. Among the tall supportive cells is a smaller 
number of thin elongated neuroepillielial gustatory cells, usually two to 
five. At the outer pole, each neuroepithelial cell ends in a short hair-hke 
process which lies in the pore canal of the taste bud. Special sensory 
nerve fibers enter the taste bud from the lamina propria and end around 
and upon the gustatory cells. 
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Lingual tonsils: The lyjnphalic area of the Jingual mucous membrane 
is coarsely rougliencd by the subjacent lymphatic nodules, These are ar* 
raiigcd around tubular depressions or crypts of the surface epithelium. 
The Ijinphatic nodules and their epithelial crjiJls form the lingual ton- 
sils. Tlicse resemble the palatine tonsils but are simpler and are not en- 
capsulated with connective tissue. Tlieir epithelium is heavily invaded 
by lymphocytes from the underlying lymphatic tissue of the lamina 
propria. 

Lingual muscles: Tlie skeletal muscles of the tongue are both extrinsic 
and intrinsic. The intrinsic muscles form its bulk. A layer of dense fibrous 
connective tissue forms the lingual septum which divides the tongue 
longitudinally into two halves. Tl»c intrinsic muscles are arranged in 
longitudinal, vertical, and transverse planes. A transverse section through 
the tonff.ie \vill show muscle fibers cut across and others parallel to the 
cut surface. The interlacing of muscles is illustrated in Fig. 180. 

Much fibrous connective tissue separates muscle bundles and conducts 
blood vessels, lymphatics, and nerves tlirougb tlie substance of the 
tongue. Connective tissue is loose at the root of the tongue, permitting it 
to move freely. Fibers of the intrinsic muscles attach to the connective- 
tissue septum and to the lamina propria of the mucous membrane. 
Branching fibers occur in this location. 

Lingual glands: There are three groups of glands embedded in the con- 
nective tissue among muscle bundles. All are small tubulo-acinous glands 
with numerous small ducts. 

The anterior lingual glands occur in groups, measuring about 8 by 
16 mm. They lie on either side of the frenulum beneath the tip of the 
tongue. Tlieir mixed mucous and serous acini extend deeply in among 
muscle bundles and open by about five ducts on either side of tlie oral 
cavity. 

The posterior Ungual glands are mucous. Tliey occur just in front of 
the most medial vallate papilla, along the margins of the tongue near its 
root, and under the mucosa of the lymphatic area. Ducts are numerous. 
Some empty into the crypts of the lingual tonsils. 

The gustatory Ungual glands (Ebner) have been mentioned. Tliey 
are purely serous and lie deeply among muscle bundles in the vicinity 
of the vallate papillae. Their ducts open into the moats surrounding the 
papillae. 
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TEETH 

Teeth are the most unusual products of living cells, being formed in 
part by a flint-like material, the hardest substance in the body. Teeth are 
actually elaborate dermal papillae, as will be readily appreciated in con- 
sidering their development. 

The crown, or projecting portion of each tooth, is capped with enamel, 
the product of ectodermal cells. The main body of the tooth, including 
its roots extending below the level of the gums, is of mesodermal origin 
and is composed of ivory-like dentine. Encasing the dentine below the 
neck of the tooth at the gingival border, is a thin layer of bone-like 
cementum. 

Outside the root and anchoring the tooth in its socket in the alveolar 
processes of the jaws is dense fibrous connective tissue, forming the peri- 
dental membrane. The center of the dentine has a hollow pulp cavity 
in the dry tooth, but in life this is filled with a loose type of connective 
tissue, the pulp. At the tip of each root, the pulp merges with the connec- 
tive tissue of the peridental membrane through a minute apical foramen. 
Wherever there is connective tissue, there are blood vessels and nerves, 
and these make the peridental membrane and pulp vital parts of a tooth. 

Pulp: The tooth pulp contains delicate reticular and collagenous fibers. 
Its stellate cells resemble mesenchyme. Interstitial matrix substance is 
mucoid and contains much tissue fluid. Pulp may be seen in Figs. 178 
and 186 

Pulp cells adjoining the dentine are modified so that they resemble 
simple columnar epithelium They are the odontoblasts. They are some- 
what like osteoblasts but never gel caught in developing matrix, as do 
bone cells. Processes of the odontoblasts extend into the pulp. One or two 
thin processes also pass into the dentine as the dentinal fibers. Odonto- 
blasts take part in dentine formation during tooth development In later 
life, irritation of dentine may lead to renewal of this activity in building 
secondary dentine. 

Tile pulp has a rich capillary plexus arising from arterioles that enter 
the apical root canals. Nerve fibers for the arterial smooth muscle are 
unmyelinated. Those for sensory innerx'alion of the pulp are small myeli- 
nated fibers. Free nerve endings occur about the odontoblasts, but few 
pass into the dentine and none goes far The extreme sensitivity of den- 
tine to pain may indicate that the odontoblasts, with their long dentinal 
fibers, serve as receptor cells. 
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Dentine: This lacks cells and is nonvascuJar, but its organic materials 
are constantly exchanged like those of bone. It is Iiarder than bone, which 
it resembles slightly. It has a fibrillar background impregnated with 
calcium salts. Dentine may be seen in Figs. 183, 184, and JS6. 




FIGURE 18-i. Deohne-Pnamel |unction of a humin toolli, a ground and 
polished dry sechon Note t!ie parallel dentinal Inlndes extending upward 
toward the cn.iincl, the light upper half, and ihtir terminal branching. 
PhotomicroRraph, 150 X. 


Dentinal conalicoli contain tlie processes of the odontoblasts. Tltese 
canaliculi measure 2 to 5 in diameter, diminishing as they extend 
through the dentine toward the enamel or cemenhim. Fine anastomosing 
branches are given off by them. Tlie main canaliculi pursue parallel 
courses (Fig. 184). 
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An outer layer of dentine, especially prominent in tlie root of the tooth, 
lacks parallel canaliculi but has many very small spaces and fine canalic- 
uli that' run in all directions. Tliis is called the granular layer (Tonies). 



FIGURE 185. Cemenhim willi lacunae of stellate cementum 
cells; a ground and polished dry section. The dentine is to- 
ward the right, the peridental membrane is toward the left 
Photomicrograph, 300 X . 

Enainel: Hard as flint, enamel contains less than 4 per cent organic 
material. Consequently, practically nothing is left when it is decalcified 
with acid. It is built up of parallel rods, called enamel prisms. Each of 
these is secreted during development of the tooth by one epithelial cell 
of the enamel organ The enamel prisms are separated from one anotlier 
by a minute amount of organic substance. Enamel lasts a lifetime, wear- 
ing away somewhat in old age but outlasting other products of living 
cells. 
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Cementum: Of all the tooth components, cementum most closely re- 
sembles bone. It has lacunae and cementum cells whose processes radi- 
ate out into canaliculi. Haversian systems are usually absent. The ce- 
mentum presents a more suitable attaching surface than dentine for 
fibrous connective tissue. It is shown in Fig, 185. 

Peridental membrane: This membrane is an inelastic, dense, fibrous 
connective-tissue layer around each tooth root. It serves also as peri- 
osteum for the alveolar processes of the jawbones. Furthermore, it an- 
chors one tooth to another and cushions the teeth in their sockets. From 
its cells are derived osteoblasts on the one side and analogous cemento- 
blasts on the other. Osteoclasts are present during resorption of decidu- 
ous teeth. When they occur in relation to the cementum and dentine, 
they are sometimes called odontoclasts. 

A vitalizing plexus of blood vessels courses through the peridental 
membrane. Myelinated nerve fibers are larger than those in the tooth 
pulp. They transmit messages of pressure and touch. 

DEVELOPMENT OF TEETH 

All teeth begin to form beneath the epithelium of the gums in prenatal 
life, but none pierces the epithelium to erupt into the mouth cavity until 
about sue months after birth. For Evenly years, or even longer, growth 
changes and the accompanying series of eruptions of teeth take place in 
the jaws. Therefore, the formation of teeth, like the formation of bones, 
belongs in the realm of normal histology as well as embryology. 

Two sets of teeth are formed. The child is provided with deciduous or 
milk teeth during the first two years. These teeth are replaced by per- 
manent teeth, beginning about the sixth year. The growth processes are 
similar in both dentitions. 

The first evidence of tooth formation is found in the embryo of 20 mm. 
length and consists of a thickening of the ectoderm in a curved dental 
lamina. This occurs in each jaw, just inside the primordium of the lip 
furrow. Buds of epithelial cells from this lamina invaginate the subjacent 
mesenchyme to form enamel organs for the deciduous teeth These are 
cup-shaped and enclose a mass of mesenchymal cells, the dental papilla, 
which is the primordium of the pulp and gives rise to the dentine. Soon, 
each enamel organ e.xhibits outer and inner layers of epithelial cells, with 
the cells in between becoming stellate, resembling reticular connective 
tissue and forming the enamel pulp. The inner epithelial cells are impor- 
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tant ones. Tliey become tall columnar and are called a'meloblasfs when 
they begin to secrete the enamel precursor substance. The cells of the 
adjacent pulp mesenchyme heighten to become odontoblasts which en- 



FIGURE 186A. Developing tooth: an uncniplcd tooth in ils alve- 
olar space showing the following: I, gum, 2, bone, 3, connective 
tissue, 4 , enamel, 5, dentine; 6, pulp. Photomicrograph, by Noni- 
dez, approximately 20 X. 

gage in the process of dentine formation. The two processes go on simul- 
taneously. Meanwhile, the jawbones grow apace. 

Enamel deposition begins at the end of the fourth month of prenatal 
life in the deciduous teeth. As a tooth develops, the enamel organ be- 
comes confined to the part that will be the crown. With completion of 
enamel formation, the ameloblasts disappear. They leave a thin trace, 
the dental cuHcle. on the eiLamel surface of the erupting tooth. 

The odon^dbiaws pfersj?^:.but ordinarily build no more dentine after 
tooth devplenment and eruption are completed. Roots are not fully 
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formed until just before eruption. They are attached to the growing jaw- 
bones by a loose follicular sheath of embryonal connective tissue which 
later forms the peridental membrane and the cementum of the root. 


• - ■ -'ll 






FIGURE 18GB Developing toolh: a small portion of a similar tooth 
showing the following layCTS from above downward. 1, enamel pulp, 2, 
ameloblasts, 3, enamel; 4, caldfied denbne, 5, noncalcified dentine, 6, 
odontoblasts, 7, tooth pulp Photomicrograph, 150 X 

The deciduous teeth arise in five forward buds of the dental lamina of 
the embryo Later on, other buds behind these give rise to the permanent 
molar teeth which have no deciduous precursors. Furthermore, a second- 
ary bud appears on the lingual side of each deciduous tooth germ. This 
forms the enamel organ of the replacing permanent tooth, which is only 
partly calcified before b>rfb 
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GLANDS OF THE ORAL CAVITY 

Numerous glands take part in production of saliva. Most of them are 
small and lack extensive duct systems. They are branched tubular and 
tubulo-acinous in type with mucous, serous, or mbced secreting portions, 
The small salivary glands have been described in connection with the 
lips, cheeks, palate, and tongue. Tlirec large glands yet to be considered 
arc the parotid, submandibular (submaxillary), and sublingual. 

Each gland consists of secreting acini, tubules, and duct systems, all of 
which constitute the parenchyma of tlie organ, and a supporting frame- 
work of fibrous connective tissue, the stroma. A definite fibrous connec* 
tive-tissue capsule is present in the parotid and submandibular glands 
but is lacking in the sublingual gland. Septa of connective tissue sub- 
divide the parenchyma into lobes and lobules. Blood vessels, nerves, 
and the major subdivisions of ibe ducts traverse these septa. 

Duct systems: Each gland is composed of a branching system of ducts 
which serve to carry away the secretion and pour it into the mouth cavity. 
These are called excretory ducts. The main excretory duct, in each in- 
stance, is lined with stratified squamous epithelium at the point of its 
opening into the mouth. Elsewhere It is formed by a two-layer stratified 
columnar epithelium or a pseudostratilied epithelium. As they break up 
into smaller subdivisions, these ducts become lined with simple columnar 
epithelium (Fig. 187C). The e.xcretory ducts have dense fibrous connec- 
tive-tissue walls, and the largest, notably the main duct of the subman- 
dibular gland, may contain a few smooth-muscle cells. Tlie smaller sub- 
divisions of tile excretory ducts enter the lobules of the glands and are 
divided further into secretory ducts. 

The secretary ducts are formed of simple columnar epithelium, the cells 
of which are striated. This may be indicative of some secretory activity 
in their cells. In the parotid and submandibular glands, the secretory 
ducts branch into much smaller intercalated ducts, made up of flattened 
or low columnar epithelial cells. These, in turn, open into the secreting 
tubules or acini. Figures 187A and B show secretory and intercalated 
ducts. 

The secreting acini of the salivary glands are formed of pyramidal 
columnar cells resting upon a basement membrane. BeUveen the colum- 
nar cells and the basement membrane are found a few stellate cells re- 
sembling the myoepithelial cells of the sweat glands (Fig. 188). The se- 
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FIGURE 187 Ihim.in salivary- glands. A, parotid, B, submandibular, C, sublingual; 
fi. sprom acini and serous ceJJs; ni, mucous cells; i, intercalated duct, s, secretory 
duct, f/, excretory duct. 600 X 
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creting cells are of two t)*pes, serous and mucous, both of which have 
been described previously (page 45) and are illustrated in Fig. IS". 

Parotkl gland: The only purely serous glands in the mouth are the 
gustatory lingual glands (Fig. ISl) and the parotid glands (Fig. 1S9). 
The parotid, the largest of the salivar)' glands, is located in front of the 
ear in relation to the rainns of the mandible. It possesses a single large 
duct which opens into the vestibule of the mouth opjwsitc the upper sec- 
ond molar tooth. 



FIGUflE IfiS. Branching injocpUhelud celh <vf strous nefnf, ghnd! of a !>'?■’ 

A, surface vicM'; B, sectlonTi) Mew. GOO x. 


Hie secreting tubules and acini are elongated and branching. They 
empty their secretion into the narrow intercalated ducts. Tliese are nu- 
merous and relatively long in the parotid gland. The intercalated ducts 
enter secretory ducts w!\icK arc lined with simple columnar epithelium. 

The fibrous connective-tissue septa of the parotid gland contain a good 
deal of fat, which imparts a characteristic appearance to this organ. Tlie 
amount of fat increases witli age. Figure 169 illustrates this organ. 

Stchmandibtilar gland: Tliis is very largely a serous gland in man, al- 
tliQugh not in all species of animals. In the human gland, mneons acini 
are few. 

The submandibular gland is located beneath the mandible in the floor 
of the mouth. It empties its secretion through a single main duct, opening 
into the mouth cavity on either side of the frenulum of the tongue. The 
excretory duct and its branches are similar in structure to those of the 
parotid gland. 

Tlie secretory ducts of the submandibular gland are more numerous 




FIGURE 189 Human paxotid gland; note the fat cells among serous acini. 


Photomicrograph, 150 X. 


Some of them are capped with serous cells, which, appear in sections as 
semilunar groups, the demilunes. These groups of seious cells open into 
the Same lumen with the mucous cells. Figure 190 shows the human sub- 
mandibular gland. 

Sublingual gland: Tlie sublingual gland is a mixed gland in the forward 
part of the mouth just beneath the mucous membrane. Its structure varies 
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from lobe to lobe. As a matter of fact, it is ach.ally made up of a gro,, 
of glmuls will, several separate ducts pouring their secretions into tl 
anterior part of the mouth cavity beneath the tongue. 



FIGURE 190. Human submandibular gland, predominantly .serous. Note 
one large duct jn the stroma at the upper left and many small intralobular 
ducts. Specimen from Prof. L. B. Arey Photoiiiicrograpli. ISO X. 


Mucous tubules and acini predominate in the sublingual gland. Most 
serous cells occur in demilunes upon the mucous acini. Few, if any, inter- 
calated ducts will be found in the sublingual gland. Tlie secretory ducts 
become directly continuous with the tubules and acini, Tlie duct system 
of the sublingual gland is the least prominent of all the major salivary 
glands. Figure 191 shows the human sublingual gland. 
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mucous membrane similar to that of the mouth. Its wall has an outer 
muscular layer formed by the pharyngeal constrictors and associated 
muscles, all of the skeletal v'aricty. Dense fibrous connective tissue con- 



FIGURE 192. Human palatine tonsil. The mucous membrane has been torn 
away on the left Photomicrograph, 8 X • 


taining many elastic fibers forms a submucous layer between muscularis 
and mucosa. 

The mucous membrane consists of epithelium and lamina propria. The 
epithelium is stratified squamous, becoming continuous above in the nasal 
pharynx with the pseudostratified variety. The lamina propria is formed 
of reticular and loose fibrous connective tissue. An abundance of lym- 
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FIGURE 193 CotI of the palatine tonsil. The epithelium of the right wall is 
intact, while that of the left wall is very largely replaced by invading Ij’mpho- 
cytes Photomicrograph, 150 X. 


pliatic tissue characterizes tlie mucous membrane of the pharynx. This 
lymphatic tissue is diffuse in some places and compact in others, with 
many lymphatic nodules occurring in aggregates. 

Tonsih. Tlie aggregates of lymphatic nodules of the pharynx form es- 
pecially large masses, encapsulated or partly so, which are called tonsils. 



282 


MOUTH AND PHAHYNX 


In the lateral pharyngeal wall they form the polatine tonsils. Similar ac- 
cumulations of lymphatic nodules arc found in the posterior wall of the 
nasal pharynx, around the opening of the auditory tubes, and at the root 
of the tongue. These arc the phoryngeol, tubal, and lingual tonsils. 

The palatine tonsils arc compound aggregates of lymphatic nodules, 
about 20 mm. long and 15 mm. wide, encapsulated in dense fibrous con- 
nective tissue which is conlinuous with the pharyngeal submucosa. The 
tonsilar surface is covered with stratified squamous epithelium. This is 
invaginated into the subjacent lymphatic tissue to form pits of varying 
depth. These are the tonsilar crypts. Each crjpl may branch into a num- 
ber of subdivisions. Figure 193 shows a crypt in the human palatine 
tonsil. 

Little fibrous tissue will be seen in the lamina propria because of the 
abundance of lymphocytes. Lymphatic nodules with genninal centers 
abound bcneatli the tonsilar epithelium. Invasion of the epithelium by 
lymphocytes and escape of lymphocytes into the crypts are prominent 
features of the tonsils. Desquamated epithelial cells, lymphocytes, bac- 
teria, and detritus will be seen in the crypts of even tlie healthiest tonsils. 

Tonsils lack afferent lymphatic vessels, but they have efferent vessels 
which convey great numbers of lymphocytes to the blood stream (Fig. 
105A). The function of the tonsils is lymphocyte production. Tliey are 
organs of major sxirgical importance; they can be removed so easily, with 
little harm to the patient and much benefit to the surgeon. 

The pharyngeal tonsil is similar in structure to the palatine tonsil. It 
is located on the posterior wall of the nasal pharynx and is covered ^vilh 
pseudostratified epithelium. Enlargement of the pharyngeal tonsil forms 
the adenoids, especially prominent during childhood. 
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Tubular Digestive Organs 


Xhe digestive organs receive a great variety of substances from the ex- 
ternal environment, which they help remake into the tissues of your body. 
The processes involved in this rebuilding are numerous and varied. They 
include mechanical and chemical disintegration of food, solution in diges- 
tive secretions, absorption of dissolved and altered usable materials, and 
excretion of the unusable residue. 

GENERAL STRUCTURAL PLAN 

From the pharynx to the anal canal, the digestive tube consists of vari- 
ous arrangements of four principal layers, called tunics: the mucosa, the 
submucosa, the muscularis, and the adventitia or serosa. The accompany- 
ing low-power photomicrograph of a section through the esophagus il- 
lustrates, rather diagrammatically, this general structural plan (Fig. 194). 

The tunica mucosae of the digestive tract, like that of the mouth and 
pharynx, is innermost. It is the mucous membrane. It has three compo- 
nents: the epithelium, lamina propria, and muscularis mucosae. Below the 
esophagus, the epithelium is beset with innumerable pits and glands. In 
some places, where absorption takes place, the epithelium and lamina 
propria are thrown up into folds and into finger-like villi, which protrude 
into the lumen. Variations in the structure and ariangement of the epi- 
thelium characterize different portions of the digestive tube. 

Tlie lamina propria uiideilies the epithelium, enters into formation of 
its basement membrane, and fills the space between pits and glands It 
consists of areolar and reticular tissue, filled with lymphocytes, which 
transform it into loose, or compact, lymphatic tissue in many places. 
Lymphatic nodules, single and aggregates, and many small glands occur 
283 
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in it. Throughout this layer course lymphatic vessels, blood vessels, and 
nerves. 

Tlie muscularis mucosae is a thin layer or two of smooth muscle, mark- 
ing the outer boundary of the tunica mucosae. 


adventitia 



FIGURE 194. Human esophagus, Illustrah'ng the general plan of the tubular diges- 
tive organs. The section is from the upper one-third of the esophagus, the outer layer 
of muscle is mainly skeletal. Photomicrograph, 12 X • 


The tunica submucosae js the fibrous connective tissue beneath the 
mucous membrane. Through it course larger vessels as well as ple.xuses 
of autonomic nerve fibers containing groups of nerve cells. 

Tlie tunica muscularis consists of two principal layers. Throughout 
most of the digestive tract, these are composed of smooth muscle. The 
inner layer is circular. The outer is longitudinal, thickest in the esophagus 
and thinnest in the colon where it is reduced to three longitudinal bands. 
The circular muscle is thickened in several places to form sphincters. A 
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small amount of fibrous connective tissue, containing blood vessels and 
nerves, permeates the bundles of smooth muscle. A ganglionated auto- 
nomic nerve plexus is found between the circular and the longitudinal 
layers. 

The tunica adventitia is the outermost coat of the digestive tube. It is 
formed of fibrous connective tissue blending with that of the surrounding 
structures in the esophagus and rectum. The portions of the digestive 
tract lying in the abdominal cavity have a layer of mesothelium over the 
surface of the adventitia. This transforms the tunica adventitia into a 
serosa, which is the visceral peritoneum (page 213). 

ESOPHAGUS 

The esophagus is insignificant in digestive processes, for it is nothing 
more than a shoit tube connecting the pharyn.x with the stomach and 
conveying the food bolus and fluids to the latter receptacle. Mucous 
glands lubricate its lining. It is an elastic tube which can dilate consid- 
erably. When not passing food, its mucous membrane is thrown into a 
number of inegular longitudinal folds (Fig. 194). 

Liquids trickle very quickly through the esophagus. Solid food takes 
five or six seconds to be passed along by peristaltic action of the tunica 
muscularis. Gravity plays a part. Food passes much more slowly while 
you are lying down than while sitting up. In fact, the bolus may not 
quite make the grade if you attempt to swallow while upside down. 

Mucosa and glands: The mucous membrane of the esophagus is lined 
with stratified squamous epithelium of the noncornified type in man and 
most other mammals. It becomes cornified in those animals which swal- 
low rough vegetable matter. Papillae of the subjacent lamina propria 
indent the epithelium. The stratified epithelium ends abruptly, and simple 
columnar epithelium begins at the line of junction of the esophagus with 
the cardiac end of the stomach. 

Glands are not numerous. Both superficial and deep esophageal glands 
empty mucus onto the surface epithelium by means of short ducts ( Fig. 
195 ) . These ducts are dilated and lined with stratified squamous epithe- 
lium near the surface, but their branches become simple columnar epi- 
thelial tubes. The deep esophageal glands are tubiilo-acinous. They 
occur in the submucosa as well as lamina propria. The superficial esopha- 
geal glands are branched tubular and are restricted to the lamina pro- 
pria They closely resemble the cardiac glands of the stomach, adjacent 
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FIGURE 195 Human esophagus; a detail showing the following layers: 1, strati- 
fied squamous epithelium; 2, lamina propria; 3. inuscularis mucosa; 4, submucosa 
containing a deep esophageal gland wth a duct (d) in cross section, 5, inner circu- 
lar layer of the muscularis. Photomicrograph, 125 X. 

to which they are numerous; they are also found farther up the esophagus. 

The lamina propria is less cellular than tliat of most parts of the diges- 
tive tract. Occasionally, lymphatic nodules are encountered. 
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Tlie muscularis mucosae is prominent at the lower end of the esopha- 
gus. It is often indistinct at the upper end, where it blends with a fibro- 



muscuiaris-s.-.' .. ! A 

V- ^ ■ 

FIGURE 196. Junction of esopltsgiis and cardiac portion of a dog’s stomach 
jn.arkcd by an arrow. The esophagus mtli deep glands is above, tlie stomach, 
below Pliotomicrograph, 15 X • 


elastic lamina of the pharynx. The muscularis mucosae is made up of 
numerous closely placed bundles of smooth-muscle libers arranged longi- 
tudinally. 
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Stthinucosa: TIjc submucosa is thick. Its fibrotts connective tissue coh' 
tains many elastic networks. 

Musctilaris: Two muscular layers are distinct in the esophagus. The 
upper one-third of the muscular coat is formed mainly by the skeletal 
variety. This is especially true of the outer longitudinal layer, which is 
really a continuation of the inferior constrictor muscle of the phar)Tix 
Some skeletal-muscle fibers may be found farther down the tube, but 
they are almost always absent in llie lower one-third. A well-developed 
intermuscular nerve plexus containing ganglia is present. 

Adoentitm: This coat consists of rather dense fibrous connective tissue 
blending with the mediastinum, the partition dividing the thorax into 
hah’cs, in ^vhich the esophagus courses. Where the esophagus passes 
through the diaphragm, it acquires a mesolhelial covering for 1 or 2 cm. 
^^any nerve fibers, notably the vagus nerves, course in the adventitia. 

STOMACH 

Tlie stomach is a tubular organ whci> empty and is less of a sac than 
illustrations in gross anatomy books lead yoti to believe. Its distensibilit)' 
is great, as you may be aware. Its functions are mechanical and chemi- 
cal. Muscular movements churn its contents. Gastric juice, secreted by 
millions of tiny glands, provides chemical substances to liquidify and be- 
gin to digest food. Tlie pulp-like stomach contents, known as chyme, are 
spurted into the intestine in small portions, beginning fifteen or ^venty 
minutes after food has been swallowed. 

The stomach possesses other functional capacities. It has a limited 
power to reject harmful substances by initiating vomiting. By its secre- 
tion of large quantities of fluid, it can dilute them. Its surface epithelium 
possesses noteworthy powers of regeneration. 

The gastric juice is a clear colorless fluid containing about 0.4 to 0.5 
per cent hydrochloric acid and several enzymes, chief of which is the 
proteolytic enzyme, pepsin. Gastric juice is formed in surprisingly large 
quantities; between 1 and 1.5 1. are produced daily. 

Several parts of the stomach are distinguishable grossly. These are the 
cardiac portion, with its dilatation, the fundus, and the narrower lower 
pyloric portion. Differences can be observed behveen the microscopical 
structure of the gastric mucosa at the cardiac orifice, the pylorus, and the 
rest of the lining. The difference in structure between the fundus and 
the pylorus is well marked. 
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FIGURE ]97. Gastric mucosa. A, fundus, B, pyloris: a, acidophilic parietal 
cell of a gastric gland, m, musculoris mucosa, the inner layer of which sends 
extensions into the lamina propriai n, mucous neck cells; f, gastric pit. Com- 
pare A 'Mth Fig J9S and B with Fig. 199. 300 X, 
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Mucosa: The mucous membrane of the stomach is tiuck, measuring as 
much as 1.5 mm. It is folded longitudinally into ridges, called rugae, 
which disappear to a large extent when the organ is distended. The lin- 
ing is beset with numerous tiny gastric pits wliich are the openings of the 
ducts of glands of the stomach. From three to seven secreting tubules 
empty into each of these. 

The lamina propria is scanty between gastric glands. It is more promi- 
nent beneath the surface epithelium and between the gastric pits. In 
addition to the usual retictrlar cells and lymphocytes, the lamina propria 
contains some smooth-muscle fibers, A muscularis mucosae is found just 
below tlio bottoms of the glands. This may be two layers of smooth 
muscle, as seen in Fig. 197. 

Tlio surface epithelium and that lining the gastric pits are simple col- 
umnar and are formed by mucous cells whose appearance vanes some- 
what according to tlie state of secretory actix’ity (Fig. 200A). Tljcse cells 
constantly pour out mucus, which forms a thin layer over the surface for 
protection as well ns lubrication. Whether this aids in the prevention of 
autodigestion of the mucosa by gastric pepsin is unknown. 

Tile glands of the stomach are of three kinds: cardiac, principal, and 
pyloric. The principal glands, often called gastric glands, occur most 
extensively. 

Tlie cardiac glands arc confined to a very small region, not more than 
4 cm, away from the opening of the esophagus; often they are not seen 
at all. They resemble the superficial esophageal glands. Their cells se- 
crete mucus, appearing first as mucigen. Droplets of mucus crowd the 
nucleus to the base of the cell near the basement membrane (Fig- 
20QB). 

The principal glands are the most interesting. They are the glands that 
produce the hydrochloric acid and the proteolytic enzyme, pepsin— the 
substances that characterize gastric juice. They are tubular glands, each 
having a neck, or constricted portion, connecting with the bottom of a 
gastric; pit. The body of each gland is a straight tubule ending blindly. 
The blind end is deep in the lamina propria upon the muscularis mu- 
cosae. Branching and bending may occur near it (Fig. 197A). 

The cells that line the principal glands are simple columnar. Three 
types of cells are usually described.* Mucous cells occupy a limited re- 
gion in the neck of the gland. Tliese are designated mucous neck cells 

1 A fourth type whose granules have affinity for silver salts, also present in the smJl 
intestine, may be related to pro 
are scarce. 
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(Fig. 197A). They add their secretion to that of the surface mucous 
cells and pit mucous cells. 

The chief cells of the glands, also called peptic cells, are the most nu- 
merous. They secrete pepsin. The secretion antecedent, pepsinogen, ap- 





FIGURE 198 Fundus of the stomach of a I7-year-old girl. Specimen from Prof. 
A. J. Ramsay. Photomicrograph, 125 X . 

pears as granules in the cytoplasm but cannot often be seen without spe- 
cial staining methods. These granules are illustrated in Fig. 200C. In routine 
preparations, they are dissolved, in their place, you may see minute vacu- 
oles in the cytoplasm. Nuclei of the chief cells are basally placed. The cy- 
toplasm at the bottom of the cell stains with basic dyes and shows faint 
striations (Fig. 200C). Besides pepsin, other enzymes, notably rennin, 
may be formed by the chief cells. 

Tlie parietal cells are rather large sw’ollen or ovoid cells with centrally 
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FIGURE 199. Pylons of human stomach Photomicrograph, 
125 X. 
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located nuclei (Figs. 197 and 200C). Their cytoplasm is only faintly 
granular and is strongly acidophilic. It may contain intracellular canalic- 
uli (Fig. 29C). Parietal cells are most numerous in the upper half of 




FIGURE 200. Gastnc mucosa, sRowing details oE A. surEace epithelium; 
R, cardiac gUnd, C, fundic gland. 1200 X . 


tile glands More deeply, the)' are crowded by the chief cells and occa- 
sionally appear to be hanging onto the outer surface of each gland (Fig 
200C). Parietal cells secrete hydrochloric acid, which originates in the 
cell as an antecedent substance. The very striking appearance of parietal 
cells is the inost characteristic diagnostic feature of the cardiac portion, 
fundus, and body of the stomach- 
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lined with a single layer of columnar epithelium whose cells have clear 
cytoplasm and basally placed nuclei- Tliey secrete no enzymes worthy 
of note but are mucous cells much like the mucous neck cells of the 
principal glands. 

Stibmucosa: The tunica submucosae is formed of dense fibrous connec- 
tive tissue containing a few fat cells- In it are the usual blood vessels, 
lymphatics, and the submucous ganglionated autonomic plexus. 

Mtiscularis: The muscular coat of the stomach differs from that of other, 
tubular digestive organs. It has three layers. An inner layer, arranged 
obliquely, has been added to the usual circular and longitudinal layers. 
The circular muscle is thickened at the pylorus to form the pyloric 
sphincter and diminishes in size abruptly at tlie junction with the duo- 
denum No true cardiac sphincter is formed, although the inner oblique 
muscle is thickest at that end of the stomach. An intermuscular myen- 
teric nen-e plexus is well developed. 

Serosa. A thin layer of visceral peritoneum, formed by fibrous connec- 
tive tissue and mesotliehum, covers the stomach and passes onto tlie 
omentum. 


SMALL mESTlNE 

The small intestine is a long glandulomuscular lube extending from the 
pylorus to the cecum. Its three subdivisions, duodenum, jejunum, and 
Ileum, merge gradually into one another and present minor structural 
differences. Most of the sm.ill intestine is attached by a mesentery (page 
214) to the body wall; otherwise it is free to move about in the abdomen 
Proper function is dependent upon this freedom. Since the intestine is 
not a storage depot, it is much less distensible than the stomach. 

The small intestine differs sharply from the stomach in respect to struc- 
ture of its wall, especially its mucous membrane. Instead of longitudinal 
rugae indented by pits, it has circular folds studded with minute projec- 
tions Glands to secrete the intestinal juice are plentiful. The structure 
of the small intestine fits it admirably for its digestive and absorptive 
functions It is illustrated with diagrammatic clarity in Fig. 202. 

Mucosa: Tlie mucous membrane of the small intestine is covered with 
simple columnar epithelium made up of absorptive and goblet cells. The 
epithelium rests on a highly cellular lamina propria full of blood and 
lymphatic capillaries. A muscularis mucosae marks its junction with the 
fibrous submucous coat. The mucous membrane covers transverse folds 



294 


TUBULAR DIGESTIVE ORGANS 


The pyloric glands are confined to the region of the pyloric canal and 
sphincter and arc quite unlike the principal glands, for they are shorter, 


pyloric sphincter muscle 



• . 1 *.. ,, t ,iF r- 

duodenal glands 


figure 201. Junction of a dogs pylons with the duodenum, at the arrow. Photo- 
micrograph, 15 X . 

more branched, and coiled (Figs. 197B and 199). They, too, open into 
gastric pits. In the pylonc canal, they possess some parietal cells, but 
these disappear near the pylonc sphincter, and the glands come to be 






FIGURE 203 Human diioclenura, showing the mucous membrane with its vilJi and 
intestinal glands (i gZ) and the submucosa with the duodenal glands (d gZ). Speci- 
men by Prof. W. H. F. Addison Photomicrograph, 125 X . 

featiiie of the small intestine. All regions of it possess these structures, 
and no other part of the digestive tract lias them. When the opportunity 
presents itself, e.xamine villi with a hand lens in a freshly killed animal. 
These absorptive fingers of the mucosa \’ary in shape and density of pop- 
ulation. Tliey are broad and numerous at the upper end where digestion 
and absorption are most active. Tow'ard the lower end, they are long, 
thin, and less numerous. Compare them in Figs. 203 and 204. 

Villi are not static projections They are able to move actively, like the 
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FIGURE 202 Small intestine of a kitten. Above tl»e arrow, seven vi'Ht et- 
tend into t!ie lumen of the intestine; below the arrow, sivteen intestinal 
glands are embedded in the Immna proprU and rest on a thin muscularis 
mucosae, m, the suhmucosa, s, ts seen At the bottom of the figure. Specimen 
in the Pjersol collection Carmine sbun. Photomicrograph, 150 X • 
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granules in the cytoplasm between nucleus and free surface. These are 
tlie cells of Paneth. The nature of their granules, which are made bright 
pink by staining, is unknown. Other types of cells, c.g., those mentioned 
in the footnote on page 290, are not ordinarily seen. 

Intestinal juice, a yellow alkaline fluid, is secreted by the intestinal 


FIGURE 204 Human jejunum, showing tall vilh and short intestinal glands (i gi) 
of the raucous membrane. Specimen by Prof W H F. Addison Photomicrograph, 
125 X. 

glands. To it are added the secretions of the duodenal glands, pancreas, 
and liver. Intestinal juice contains a number of important digestive en- 
zymes which break down protein and fat into components that can be 
absorbed by the surface epithelium. It is impossible to say which cells 
are responsible for secreting each enzyme. Nor do we know where in 
the duodenum the hormones secretin and cholecystokinin, which can 
induce flow of pancreatic juice and bile, are formed. 

The lamina propria of the intestinal mucosa is well marked. It fills in 
between intestinal glands and extends into the villi. It is formed of re- 
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tentacles of a sea anemone, in the fluid intestinal contents, because each 
possesses a few smooth-muscle fibers in its core of lamina propria. Not 
only do the villi shorten and lengthen; they also swing from side to side. 

The surface epithelium of the intestine is constantly undergoing re- 
newal. \VIio!e sheets of it are said to be sloughed in the normal course 
of events. Regeneration lakes place with amazing rapidity from epithe- 
lium of the intestinal glands. Denuded intestinal villi, seen in most his- 
tological sections of human material, may signifiy post-mortem aulodi- 
gestion rather than norma! sloughing. The villi shown in Figs. 203 and 
204, fixed in situ by suicidal swallowing of a solution of formaldehyde, 
have intact epithelium. 

Tlic surface epithcli\im is primarily concerned with absorption, but 
its many scattered goblet cells provide mucus to lubricate and protect it. 
Goblet cells increase in number toward the lower end. Mucus is impor- 
tant for the formation of feces. 

The absorptive cells have their free surfaces graced by a striated 
border, as illustrated in Fig. 29A. Each absorptive cell is securely at- 
tached to neighboring cells at its .striated border by means of some ce- 
ment substance. Tins aids in the presentation of a continuous absorptive 
membrane to the intestinal contents. 

The process of absorption is poorly understood. The absorptive mem- 
brane is readily permeable to water and to various salts and simple 
sugars in solution. Proteins arc broken down into simpler molecules of 
amino acids before they pass into the cells. Fat is not absorbed as fat 
It is broken into fatty acids and glycerol. Tliese substances are passed 
through the absorptive membrane and immediately resynthesized into 
fat in the cytoplasm of the absorptive cells. Alteration of cytoplasmic 
organoids, principally the mitochondria, associated tvifh fat absorption 
has been observed. How the intracellular fat droplets pass into the sub- 
jacent blood and lymphatic capJlaries is unknown. 

Intestinal glands, formerly called crypts of Lieberkuhn, are un- 
branched tubes lined with simple columnar epithelium which is not 
quite so tall as the surface epitiielium. They open onto the surface at 
the base of the villi (Fig. 202). Tlieu’ cells are concerned with secretion 
of the intestinal juice and play no part in absorption. Consequently, 
they lack absorptive striated borders. Replacement of surface goblet and 
absorptive cells occurs at the upper ends of the glands by mitotic cell 
division and by movement of cells out onto the surface. 

The cells at the bottom of the glands have prominent eosinophilic 
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Musctdaris: The muscular coat consists of two well-formed layers of 
smooth muscle separated by a little fibrous connective tissue. The inner 
layer is circular, not spirally arranged as claimed by some. The outer 
one is longitudinal. Between the two layers is the prominent myenteric 
plexus. 

The musculature of the small intestine serves to agitate food and di- 
gestive juices, facilitating the chemical reactions and enhancing absorp- 
tion of water and the products of digestion. The musculature also pro- 
pels the contents by a series of nicely coordinated peristaltic movements. 

Serosa: The small intestine is covered by a thin layer of fibrous con- 
nective tissue, upon which a mesothelium is placed. This visceral perito- 
neum is reflected onto the mesentery along the line of its attachment to 
the intestine. Most of the duodenum lacks a mesentery and has only a 
partial serous coat. 


LARGE INTESTINE 

The large intestine is a spacious and somewhat sacculated tube for tem- 
porary storage and concentration of the digestive residue. In it, water is 
absorbed and the feces are formed. It may be subdivided into cecum, 
colon, and rectum. The vermiform appendix is an appendage of the 
large intestine. The usual four tunics are present, but they differ from 
those of other parts of the digestive tube. 

Entrance to the cecum is guarded by the ileocecal valve, consisting 
of two flaps of mucosa. Muscles of the small and large intestines are 
thickened there and overlap to form a sphincter. Valve and sphincter 
release intestinal contents into the cecum and tend to prevent flow in 
the reverse direction. A sharp line of transition marks the junction of 
the mucous membranes of small and large intestines. 

Mucosa: The outstanding difference between mucous membrane of 
the small and of the large intestine is absence of villi and lack of plicae 
circulares in the latter. Nevertheless, this notable reduction in surface 
area does not prevent quantities of water from being absorbed in the 
large intestine. The surface epithelium is smooth and formed by simple 
columnar cells. These cells are absorptive and have thin striated free 
borders. Goblet cells are present among them. Sloughing of surface 
epithelium occurs, and regeneration is effected from cells at the necks 
of glands. The structure of the colon is illustrated in Fig. 205. 

Intestinal glands are deeper than those of the small intestine. Goblet 
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ticular connective tissue containing delicate elastic networks enmeshing 
many free cells. Its reticular Fibers form the basement membrane of the 
intestinal epithelium and intestinal glands. Lymphocytes are its principal 
cells, although eosinophils, plasma cells, and mast cells arc also mimer- 
ous. Tlic lymphocyte population varies greatly. Cells escaping into the 
intestinal lumen arc often seen in sections of the epithelium. Very many 
more may enter the lumen Nvith epithelial sloughing. 

Tliroughout the intestine, the lamina propria contains solitary lym- 
phatic nodules. Tlie smallest arc confined to the lamina propria of one 
villus. Tlie largest may bulge into the submucosa beneath several \illi. 
Aggregate lymphatic nodules arc found toward the lower end, especially 
in the ileum. Tlicy somewhat resemble small tonsils and can easily be 
seen with the naked eye. Look for them in the wall opposite tlie attach- 
ment of the mesentery. Aggregate lymphatic nodules are called Peyers 
patches. Lymphatic nodules arc inconstant structures, and the loose lym- 
phatic tissue also waxes and wanes. 

The muscularls mucosae of the small intestine consists of inner cir- 
cular and outer longitudinal smooth-muscle layers. A few small bundles 
of muscle fibers extend into the lamina propria. Tlie muscularis mucosae 
is traversed by ducts of the duodenal glands. In the duodenum, it bufids 
the important sphincter of the bile duct. 

Snhmiicosn.* The tunica submucosac of the small intestine is like that 
of the stomach but is somewhat firmer. It forms the cores of the perma- 
nent plicae circulares, A submucous nerve plexus, containing numerous 
small autonomic ganglia, is present. Some groups of fat cells may be 
encountered. Tire principal function of the submucosa is to convey blood 
vessels and lymphatic vessels to and from the mucous membrane. 

The duodena! glands (Brunner) lie in the submucosa. They are larg- 
est in the upper end, diminishing in size and number farther down. They 
may be absent in the lower part of the duodenum, or they may extend 
into the jejunum for a little way. They are made up of many small 
lobules, 1 mm. or less in diameter, sending short ducts into some of the 
intestinal glands. 

Tlie secretory portions are formed by branched and coiled tubules of 
simple columnar epithelium. Their pale mucous cells have basally 
placed and often flattened nuclei. They resemble the pyloric gastric 
glands. Secretion goes on continuously in the duodenal glands, ft is thin 
mucus and contains a proteolytic enzyme which becomes activated by 
hydrochloric acid from the stomach. 
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zone extends to the anal orifice where the skin begins. Hair, sebaceous 
glands, and apocrine sweat glands appear at the junction. 



FIGURE 206. Anal canal of a child, longitudinal section Specimen 
in the Piersol collection. Photomicrograph, 14 X ■ 


Tlie lamina propria and musciilaris muscosae of the large intestine are 
similar to those layers in the small intestine. 

Other Uim’cs. The submucosa presents no unusual features in the 
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cells Eire so numerous in them that otlier types can scarcely be made 
out The mucus produced by these glands, and by the feiv surface goblet 
cells, lubricates and protects the mucosa. It also aids in the formation 
of gradually dehydrated fecal masses and in their progression toward 
the descending colon and rectum. 







FIGURE 205. Human colon, longitudinal section. Note absence of 

ence of long intestinal glands filled with goblet cells. A sheet of mucus covers the 

surface epithelium. Photomicrograph, 125 X • 

The epithelium of the rectum possesses the longest intestinal glands, 
measuring up to 0.7 mm. in length, but they are fewer than elsewhere. 

The lower portion of the rectum is the anal canal, illustrated in Fig- 
206. In it, vertical folds of the mucosa form the rectal columns. Tliese 
end about 15 or 20 mm. from the anal orifice by uniting in crescentic 
folds called anal valves. These \'alves enclose blind pockets, the rectal 
sinuses. In the anal canal, the intestinal glands slop, and the surface 
epithelium becomes noncomified stratified squamous. This transition 





LARGE INTESTINE 

zone extends to the anal orifice where the shin begins. Hair, sebaceous 
glands, and apocrine sweat glands appear at the junction. 



FIGURE 206. Anal canal of a chQd, longitudinal section. Specimen 
in the Piersol collection. Photoinicrograph, 14 X . 


Tlie lamina propria and muscularis muscosae of the large Intestine are 
similar to those layers in the small intestine. 

Other tunics: The submucosa presents no unusual features in the 
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cells arc so numerous in them that other t^es can scarcely be made 
out. Tlie mucus produced by these glands, and by tlie few surface goblet 
cells, lubricates and protects the mucosa. It also aids in the formation 
of gradually rlehydratcd fecal masses and in their progression toward 
the descending colon and rectum. 



FIGURE 205 . fluman colon, longiCudinal section. Note absence of vflli and pr«* 
ence of Jong intestinal glands Riled with goblet cells. A sheet of mucus co\'ers the 
surface epitlieliuni. Pliotouiicrograph, 125 X. 


The epitheltym of the rectum possesses the longest intestinal glands, 
measuring up to 0 7 mm. in length, but they are fe'ver than elsewhere. 

Tlie lower portion of the rectum is the anal canal, illustrated in Fig. 
206. In it, vertical folds of the mucosa form the rectal columns. Tltese 
end about 15 or 20 mm. from the anal oriBc.'e by uniting in crescentic 
folds called onal valves. Tliese valves enclose blind pockets, the rectal 
sinuses. In the anal canal, the intestinal glands stop, and the surface 
epithelium becomes noncornified stratified squamous. This transition 
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ranged equidistant from one another. Contraction of these tends to throw 
the wall of the colon into a senes of sacculations. The circular layer of 
muscle is thickened to form the internal anal sphincter in the anal canal. 
An external sphincter, outside of this, is formed by skeletal-muscle 
fibers. 

A serous coat is present in most of the colon but absent from part of 
the rectum and the anal canal Attached to it are small pedunculated 
tabs of fat covered with mesolhelium. These are appendices epiploicae. 


APPENDIX 

The small lumen of the appendix presents an irregular and angular 
form. Its mucous membrane has absorptive and goblet cells. Intestinal 
glands are relatively few and are irregular in shape. They are crowded 
with goblet cells. 

The lamina propria is heavily infiltrated with Ijonphocytes. Lymphatic 
nodules, often breaking up the muscularis mucosae and penetrating the 
submucosa, may form a complete ring around the lumen. The submucosa 
contains fat cells. Both muscular coats are complete. The serous coat 
is continued onto a small mesentery. 

The appendix is subject to inflammation and infection and may show 
marked departure from normal structure, even in subjects regarded as 
healthy. The lumen may be partly or completely obliterated. Occasion- 
ally the mucosa is replaced by fibrous connective tissue. Figure 207 
shows a reasonably normal appendix. 


BLOOD VESSELS, LYMPHATICS, AND NERVES 

The mesenteries convey arteries and nerve fibers toward the digestive 
tube, and veins and lymphatic vessels away from it. A general plan pre- 
vails throughout each part. Freely anastomosing arteries are found 
everywhere. The villi of the small intestine impose interesting differences 
in the vascular and lymphatic arrangements. 

The fibrous connective-tissue layers of the digestive organs provide 
convenient paths for the conduction of blood vessels, lymphatic vessels, 
and nerves and for the formation of networks and plexuses. The main 
network of blood vessels is found in the submucosa. Branches pass out 
to the muscular layers and in to the lamina propria of the mucous 
membrane. Secondary networks are formed in these locations, and capil- 
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and colon Tliat of the anal region contains sensoiy nerves and 
endings of the pressure-receptor type 


cccum 



Tlie muscularis of the human large intestine is formed by a strong 
inner circular layer and a partially deficient outer longitudinal layer. 
The outer layer has been reduced to three stout bands, the taeniae, ar- 
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Liver and Pancreas 


Xhe liver and pancreas are the two largest glands of the body. Each of 
them is an outgrowth of the alimentary tube in the embryo The liver, 
weighing about 1.5 kg., is at least ten times tlie size of the pancreas It 
forms about one-fiftieth of the adult body weight. In the newborn infant, 
the ratio is appro-simately one to twenty. Its structure and its principal 
functions are unlike those of otlier exocrine glands. Tlie pancreas re- 
sembles the serous salivary glands, but it has an important endocrine 
component added, The exocrine secretions of tlie two glands reach the 
duodenum by large ducts and contribute (heir euzymes to the intestinal 
fluid, The duct of the liver has an appendage, the gall bladder, in man 
and in some other species. 


LTVER 

The liver is a gland of many functions, and yet it displays remarkable 
simplicity of structure Only one (>^0 of parenchymal cell is found in it. 
You will have no trouble with the hver if you understand its blood ves- 
sels. Of course, they run in connective tissue. 

Stromo' Fibrous connective tissue forms a thin copsule <Ghsson) 
which entirely invests tlie liver and is covered almost everywhere with 
mesQthehum, making it the visceral peritoneum of tlie liver The capsule 
may be seen in Fig. 208. 

At a hilus, ^vhich is know'n as the hepotie portal, the capsule is thick- 
ened and extends into the liver to form an internal fibrous connective- 
tissue framework. The finest subdivisions of this stroma are made of 
reticular tissue. Larger trabeculae or septa incompletely delimit small 
subdivisions of liver parenchyma, known as hepatic lobules, which are 
httle polyhedrons of liver substance almut i mm wide and 2 mm. high. 
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lary plexuses abound among their dements. Venous networks are simi- 
larly disposed. 

Each intestinal villus is provided with an arteriole or two, which 
break up into capillaries. The capillaries come to lie close to the epi- 
thelium, where they receive all absorbed materials except the major 
portion of the fat. Venules draining the Will are usually located on the 
side opposite the arterioles. 

Lympliatic capillaries begin as blind channels. They are numerous in 
tlie lamina propria, where they collect tissue fluid and lymphocytes. 
They are joined by others to form larger vessels, which build networks 
in the submucosa, Eacli villus contains one or more centrally placed 
lymphatic capillaries, known as lactcals. The lacteals receive quantities 
of fat droplets during digestion and their fat-laden lymph is called chyle. 

Nerves of the digestive tube are mostly autonomic. Two main plexuses 
are the myenteric and the submucous plexuses. Both of these contain 
many small ganglia of autonomic ncrv'c cells. Some sensory' nerve fibers 
and nerve endings occur In the digestive organs. Tliey are relatively 
few compared with those of the surface of the body. You can feel very 
little in healthy abdominal viscera. 
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age from the intestines. Its main afferent vessels are branches of the 
portal veins. An auxiliary blood supply is provided by small hepatic 
arteries, which are confined to the connective tissue and serve mainly to 
nourish the biliary system. Since both of these sjjbdivide repeatedly and 
course among the hepatic lobules in the septa, their branches are some- 
times designated interlobular. From interlobular venules (some from the 
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Sts center. There they come together and enter a tentrol venyle which 
occupies the core of the lobule (Fig. SK)8). Central venules from several 
lobbies join to form tributaries of the hepatic veins. These tributaries 


FIGURE 211. Hepatic sinusoids, shotring eodotheJiaJ celts and /nacfo- 
phages lining them. 1200 X, 


may be designated %\>blobular veins after they leave the hepatic lobules, 
Hepatic veins ultimately drain into the inferior vena cava. 

Lymphatics. Lymphatic vessels are very numerous in the capsule and 
the interlobvdar conucclive-lissoe septa (Fig. 210). The important fact 
about them is that they do not enter the lobules. Nevertheless, a great 
quantity of hanph, which is rich in proteins, leaves the liver iVfuch tissue 
fluid filters from the liver parenchyma tlxrough the intercellular spaces 






liver and pancreas 

arterioles, too), an apparently infinite number of tiny short branches 
arise, and these immediately spread out into the vast networhs of hepatic 



FIGURE 210 Hepatic veisels and ducts in interlobular connective tissue; 
a, hepatic arteriole, h, bile ductules, I, lymphatic vessels, u, portal venules 
containing blood corpuscles 900 X. 


sinusoids in the liver parenchyma. Interlobular venules and a hepatic 
arteriole are seen in Fig. 210. 

Sinusoids filter blood through the hepatic lobule, converging toward 
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In the cytoplasm of the hepatic cell are seen fat and glycogen drop- 
lets when proper technical procedures are employed (Fig. 7). Glycogen 
is formed in the hepatic cells from glucose brought by the portal blood 
stream from the intestines. It is stored in the liver and given up again as 
glucose to the sinusoidal blood stream upon demand. Fat and protein 
also can be converted into glycogen by the hepatic cells. Storage of gly- 
cogen begins in the cells nearest the central venules and e.xtends gradu- 
ally outward toward the periphery of the lobule. \Vlien glycogen is given 
up to the circulation, the outermost cells of the lobule are depleted first. 

Tlie hepatic cells form urea in the process of protein metabolism. This 
chemical is then transported to the kidney by the blood stream. The 
liver’s role in excretion is essential. 

Fat storage in the liver is important. A number of other things besides 
glycogen and fat are stored there, too. These include vitamin A. 

The liver plays an important role in the mechanism of blood clotting. 
The hepatic cells form fibrinogen. While considering liver functions, do 
not fail to recall its capacity in the embryo to produce blood corpuscles. 

Bile is the exocrine secretion of the liver. Biliary pigments are pro- 
duced from hemoglobin derived from red corpuscle destruction else- 
where but excreted in the liver. Some of the other bile constituents are 
secreted by hepatic cells. 

Bile capillaries are illustrated in Fig. 212A. They always lie between 
hepatic cells. As they pass toward the periphery of the hepatic lobule in 
the cell cords, they anastomose extensively. Many are collected into 
larger channels at the interlobular connective-tissue septa, draining 
there into the interlobular bile ductules The bile capillaries have no true 
walls of their own, but the hepatic cells form their walls. 

Bile ductules always accompany interlobular portal venules and he- 
patic arterioles. These triads— ductule, venule, and arteriole— are seen at 
the places where several hepatic lobules join (Fig. 210). The smallest 
bile ductules are lined with low columnar epithelium continuous with 
the hepatic cords but made of smaller nonsecrelory cells. The smallest 
bile ductules may give rise to hepatic cells during regeneration after 
liver damage. The epithelium becomes thicker in the larger ductules and 
is surrounded by connective tissue. 
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of (he parenclijTnal reticular tissue to rcacli the lymphatic vessels of the 
interlobular connective-tissue septa. 

Parenchyma: Ilepatio sinusoids, hepatic cells, and bile capillaries make 
up the liver lobule. It is the unit of the liv’cr structure and function 
(Figs. SOS and 209). 

Tiie sinusoids are wide capillaries among cords of licpalic cells, carry- 



FIGURE 212. Hep.itic cell corJs. Bile canilhirlcs nre W-iekened ^villI sih'er iR A. 
neticiir.^r fibers around liepatic cells are stained by Hie siher carbonate nietliod in B 


000 X. 

ing blood from portal to hepatic (central) venules Tliey are lined by 
two kinds of cells. One is typically endothelial, hut the other is a macro- 
phage with processes sticking it to the sinusoidal walls. These stellate 
macrophages,’ illustrated in Fig. 211, pliagocytize foreign particles and 
worn-out red blood corpuscles, nicre are more macrophages in tlie liver 
than anj^'vhere else in the body. Tims, the li\’er is a blood filter of prime 
importance. 

The hepatic cells are arranged in cords (some say they form plates), 
which anastomose and branch as they radiate from tlie central venules. 
An irregularly double row of cells forms each cord, and a bile capillary 
is sandwiched in between (Fig. 212A). Individual hepatic cells are poly- 
hedral and contain one or two nuclei (Fig. 6A). 

» Ntacropbages of the liver sinusoids ore called cells of KupfFer. 
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muscle to encircle the ductus choledochus, as well as the pancreatic 
duct, forming separate sphincters for each and a common one, known as 
the sphincter of Oddi. The sphincter choledochus prevents bile from 
flowing into the intestine during fasting. The sphincter is caused to relax 
by ingestion of food, but at other times it is closed tightly and this 
causes bile to back up into the gall bladder. 

Tlie gall bladder holds a variable quantity— 50 cc., more or less— of 
bile, storing it between meals and absorbing water from it, In structure, 
it resembles the tubular digestive organs but lacks a tunica submucosa, 
and the other layers are thin. The lining is extensively folded, and some 
of the folds remain during marked distention of the organ. The neck of 
the gall bladder continues into the cystic duct, where folds are especially 
prominent, forming the spiral valve (Heister). 

The mucous membrane of the gall bladder consists of a layer of tall 
simple columnar epithelium resting on a lamina propria (Fig. 213), The 
epithelium lacks goblet cells, and a striated border can be observed upon 
it only occasionally (Fig. 22), although the cells are concerned with ab- 
sorption. There are glands in the gall bladder only at its neck. There, the 
lamina propria contains a few very small tubulo-acinous glands secreting 
mucus 

The muscularis of the gall bladder is irregular. The inner layer con- 
tains longitudinal fibers, and the outer layer is roughly circular. Some 
fibers course obliquely. 

A thick perimuscular connective-tissue layer intervenes between mus- 
cularis and serosa. Blood vessels and nerves course in it. The nerves are 
autonomic, providing innerx'ation of the muscle. Other nerve fibers are 
sensory, but they ordinarily do not convey messages that are perceived. 
Lymphatics join those draining the liver. 

The gall bladder empties during digestion of fat by contraction of its 
musculature. This can occur in the absence of a nerve supply and can 
be induced by the hormone cholecystokinin, formed in the duodenal 
mucosa. 


PANCREAS 

The pancreas has a great deal to do with regulating blood sugar con- 
centration and with carbohydrate digestion. It is really two organs. One 
is a tubulo-acinous exocrine gland, resembling the parotid The other 
portion is endocrine, formed by many pancreatic islands (Langerhans), 
which are embedded in the exocrine gland (Fig 214). 
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BILE VVCTS AND GALL BLADDER 

Bile ductules come together to form larger ducts, and these assemble 
to form the left and right hepatic ducts. They, in turn, join in construc- 
tion of a common hepatic duct. Tills leaves the hepatic portal, carrying 



FIGURE 213. Gall bladder of a cat. Photomicrograph, 150 X . 

bile to the gall bladder to be condensed. The cystic duct of the gall blad- 
der and the common hepatic duct unite, and the resulting ductus choled- 
ochus, or bile duct proper, passes to the duodenum. As this duct courses 
obliquely through the duodenal wall, it is first accompanied and then 
joined by the main pancreatic duct. 

All the ducts are lined with tall simple columnar epithelium. In the 
larger ducts, circular and longitudinal smooth-muscle fibers are irregu- 
larly disposed in dense fibrous connective tissue to complete the stnic- 
ture of the wall. 

The muscularis mucosae of the duodenum contributes bands of smooth 
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The acini of the pancreas are purely serous. Their pyramidal cells have 
a characteristic two-toned appearance with hematoxylin and eosin dyes. 
They are slightly striated and stain blue at the base. Apically, they stain 
pink. Zymogen granules in the apical cytoplasm can be demonstrated 
with appropriate techniques. These granules appear and disappear with 
fasting and digestion. 



FIGURE 215 Centroaanar cells in the pancreas of a guinea pig. Redrawn from 
R R hensley, American Journal of Anatomij, vo\. 12, 1911. 


Secretion accumulates during fasting. It is poured out in response to the 
hormone secretin, which is liberated from the duodenal mucosa by gastric 
hydrochloric acid and bile acids at the beginning of intestinal digestion. 

The acini contain a few centrally placed low columnar or squamous 
cells protruding into their lumen. These are the nonsecretory cenfro- 
acinar cells (Fig. 215). They represent the beginning of the pancreatic 
duct system. To a varying extent, each acinus folds around its interca- 
lated duct, often bulging to one side like a boxing glove over the hand 
and wrist. 

Intercalated ducts have flattened epithelium They are long and 
branched. No secretory ducts are present in the pancreas. Long inter- 
calated ducts enter interlobular ducts directly. All excretory ducts are 
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The pancreas is surrounded by much loose fibrous connechVe tissue. 
Tliis forms no definite capsule, but septa carrying blood \’essels, lymphat- 
ics, and nerves divide the gland into many lobules. Lamcllated cor- 



FIGURE 214. Human pancreas, showing two islands. Note the small duct 
below llie larger island and the connecKve tissue witli blood vessels below 
the smaller island. Compare >vith Fig ISO Photomicrograph, ISO X. 


puscles (Pacini) arc commonly encountered in the connective tissue of 
the pancreas. 

Exocrine pancreas; The pancreas produces an alkaline secretion con- 
taining trypsin, lipase, and amylase, enzymes that split proteins, fat, and 
starch into simpler compounds for absorption. If there are specific pan- 
creatic cells secreting each of these enzymes, we cannot identify them. 
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The acini of the pancreas are purely serous. Their pj'ramidal cells have 
a characteristic tsvo-toned appearance with henintoxylm and eosin dyes. 
They are slightly striated and stain blue at die base. Ap/cahy, they stain 
pink. Zymogen grannies in the apical cytoplasm can be deinonstrated 
with appropriate techniques. These granules appear and disappear witli 
fasting and digestion. 



FIGURE 215. Centroacitiar er)ls in the pancreas of a guinea pig. Redra\vn from 
R R. BensJey, American Journal of Avatomy, voJ 12, J9I1 


Secretion accumulates during fasting It is poured out m response to the 
hormone secretin, which rs liberated from the duodenal mucosa by gastric 
hydrochloric acid and brie acids at the beginning of intestinal digestion. 

The acini contain a few centrally placed low columnar or squamous 
cells protruding into their lumen Tliese are the nonsecretory eentro- 
«c5nor cells (Fig 215). They represent the beginning of the pancreatic 
duct system. To a varying extent, each acinus folds around its interea- 
loted docf, often bulging to one side like a boxing glove over the hand 
and wrist 

Intercalated ducts have flattened epithelium. Tiiey are long and 
branched. No secretory ducts are present m the pancreas. Long inter- 
calated ducts enter interlobular ducts directly. All excretory ducts are 
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lined with tall simple columnar epitliclium and are surrounded by fibrous 
connective tissue. 

The main pancreatic duct and an accessory pancreatic duct have thick 
coats of dense fibrous connective tissue. Their epithelium contains goblet 
cells, and a few tiny mucous glands may be encountered in their walls. 

Endocrine pancreas: The endocrine portion of the gland consists of 
pancreatic islands (Langerhans) that vary in size from groups of a few 
cells to masses 0.5 mm. or more in diameter. Tliey are slightly more nu- 
merous in the tail than at the head of the gland. Some thin strands of 
cells, related to the islands, have been described. 

The islands have a rich blood supply, as you might expect of a gland 
of internal secretion. Large capillaries come into close relation to cords 
of epithelioid cells. Cords lack lumens, the secretion passing directly into 
the blood of the capillaries. Tliis Is Uic fundamental plan of an endocrine 
gland. 

You will see little differentiation of cell tjpes in the pancreatic islands 
with routine staining (Fig. 214). However, special techniques have re- 
vealed differences, and three kinds of cells have been observed. Tliese 
are designated A, B, and D cells,* but the significance of each is poorly 
understood. The B cells are the most numerous. All three types are 
lighter in hematoxylin and eosin preparations than cells of surrounding 
acini. Granules can be observed in their cytoplasm, but only with special 
stains. 

The secretion of the pancreatic islands is Insulin. It appears to be 
formed mainly by the B cells. Its function is regulation of the blood sugar 
level. Deficiency of insulin leads to an increase in the amount of sugar 
entering the blood, and this is accompanied by excretion of sugar in the 
kidney. Deficiency occurs in diabetes mellltus. The conquest of this dis- 
ease, culminating in the successful isolation of insulin by Banting and 
Best,® is a subject that will hold your interest over some spare week end. 
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lined with tall simple columnar epithelium and are surrounded by fibrous 
connective tissue. 

Tlie main pancreatic duct and an accessory pancreatic duct have thick 
coats of dense fibrous connective tissue. Their epithelium contains goblet 
cells, and a few tiny mucous glands may be encountered in their walls. 

Endocrine pancreas: Tlie endocrine portion of the gland consists of 
pancreatic islands (Langerhans) that vary in size from groups of a few 
cells to masses 0.5 mm. or more in diameter. They are slightly more nu- 
merous in the tail than at the liead of the gland. Some thin strands of 
cells, related to the islands, have been described. 

The islands have a rich blood supply, as you might expect of a gland 
of internal secretion. Large capillaries come into close relation to cords 
of epithelioid cells. Cords lack lumens, the secretion passing directly into 
the blood of the capillaries. Tin's is tlie fundamental plan of an endocrine 
glarjd. 

You will see little differentiation of cell types in the pancreatic islands 
with routine staining (Fig. 214). However, special techniques have re- 
vealed differences, and three kinds of cells have been observed. Tliese 
are designated A, B, and D cells,* but the significance of each is poorly 
understood. The B cells are the most numerous. All three types are 
lighter in hematoxylin and eosin preparations than cells of surrounding 
acini. Granules can be observed in tlieir cytoplasm, but only with special 
stains. 

The secretion of the pancreatic islands is insulin. It appears to be 
formed mainly by the B cells. Its function is regulation of the blood sugar 
level. Deficiency of insulin leads to an increase in the amount of sugar 
entering the blood, and this is accompanied by e.xcretion of sugar in the 
kidney. Deficiency occurs in diabetes mellitus. The conquest of tliis dis- 
ease, culminating in the successful isolation of insulin by Banting and 
Best,® is a subject that will hold your interest over some spare week end. 
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and tissue fluids, but most of them are picked out by some specific organ 



FIGURE 218 Human thyroid gland FoMieles are filled wth colloid during life, 
and the few vacuoles seen here arc artifacts Photomicrograph, 150 X 

nalcly. Thus, cacli endocrine gland becomes related to other endocrines 
or to some nonendocrine organ, for which it serves as regulator. 

THYROW Gi.AND 

TliD thjToid gland, weighing only 20 or SO gm. in man, nevertheless 
is the largest endocrine organ It lies in the neck, embracing the upper 
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Endocrmc Organs 


In tin's clinpfcr wc shall consider the giantls of internal secretion, or 
endocrine organs. Although these do not comi^rise an anatomical sys- 
tem, they arc rather closely rclatct! and interdependent functionally. 
Some are quite simple^ otliers present a stnicture of eons/cIcrabJe com- 
ple.vity. Embryologically, they arise from no one germ layer. They com- 
monly dev'clop as compotJcnts of other nonendoerine orgvans. You have 
already observed such a relationship bcl«’ccn tlie pancreas and its in- 
sular endocrine component. 

TIic endocrine organs are ductless glands; i.c., their parencliymal cells 
secrete substances tliat are passed into the wiscular or lymphatic systems 
rather than into ducts. The secretions of some are referred to as hor- 
mones because they excite activity of other organs. Tliey' fall into sev- 
eral groups. Some stimulate acti\'ily of smooth muscles, others regulate 
metabolic functions, and a third group has to do with controlling growth 
and development. Commonly, several active principles arc formed in 
one endocrine organ, and it is seldom possible to relate specific paren- 
chymal cells to them. 

The internal secretions are not formed solely in the endocrine glands. 
Reference has been made to tl»e production of secretin by the duodenal 
mucosa. The duodenum is certainly not primarily an endocrine organ. A 
number of sex hormones are secreted by the ovary and testis, organs 
with otlier important nonendoerine functions. We have mentioned the 
role of the liver in secreting glucose into the blood stream from its store 
of glycogen. This is not a hormone, although the process of its secretioo 
resembles drat of the endocrine glands. 

A feature of endocrine secretion is that the active substances are made 
accessible to any and all cells of the body as they circulate in the blood, 
320 








S22 


ENDOCRINE ORGANS 


end of the trachea and lower part of tlie larj'nx. It I’s formed by two lat- 
eral lobes on either side of a connecting istlimus. A median pvtamidal 
lobe lies in front of the larym in about one-third of all individuals. 

Tlic stromcj of the thyroid is formed by fibrous connective tissue. In 
the finer subdivisions of this tissue, reticular fibers are numerous. The 



FIGURE 217 Thyroid of a rat, showing a row of greatly distended blood-filled cag^* 
lories between the walls of o ailjaccnt foUtcIes Specimen by Mr. B B. Varian. Piiofo- 
micrograpb, 1200 x 


gland is encapsulated by part of Uie deep fascia of the neck. From the 
capsule, trabeculae pass into Its substance, subdividing it into lobules 
and carrying the larger blood vessels and lymphatics as well as nerve 
bundles. The interfollicular stroma is mainly reticular and contains the 
remarkably rich vascular and capillary plexuses. No basement mem- 
branes are formed by the reticular tissue, but the capillaries are brought 
into close association with the glandular epithelium, as sho\vn in Fig. 
21T. The stroma and the vessels and nerves running in it are illustrated 
in Figs. 218 and 219. 

The parenchyma of the thyroid gland consists of innumerable tiny 
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There is oaly one type of cell recognizable in the follicular epithelium. 
It is almost cuboidal in sliape, but shape and size vary somewhat with 
age> sex, and the state of thyroid activity. Cell division is rare. Degen- 
erating cells occasionally appear. The structure of thyroid epitlielium is 
seen in Fig. 217. 

Tile direction of secretion of thyroid follicle cells is into the lumen. 
Secretion droplets ha\’e been seen pinching off at the free cell surface, 
as in apocrine glands. The thyroid secretion is stored rn the colloid and 
reabsorbed into the blood stream through the epithelium as needed. This 
reabsorptioii fs made possible by Uj'drolysis of the colloid by a proteo- 
lytic enzyme. Intense hyperactivity during abnormal conditions leads 
to the speeding up of the processes of secretion Into the colloid, its hy- 
drolysis, and reabsOrption. 

The primary function of thyroid secretion is regulation of the meta- 
bolic rate of the body Hypofunction leads to the slovs^ing down of meta- 
bolic processes. Tliis is manifested in the thyroid by increased amount of 
colloid and reduction in height of epithelial cells. Hyperftinction causes 
an increase in the basal metabolic rate. The thyroid follicles are depleted 
of colloid, and the epitlichum becontes taller and sometimes folded. 
Hypertrophy of the epithelium may occur during marked hyperactivity 
An ioterrelationship exists between the tliyrold and other endocrine 
glands. Most notable is the stimulation of thyroid secretion by a thyro- 
tropic hormone from the anterior lobe of the hypophysis. The thyroid 
is se«stti\'e to deficiency in iodine, an optimum quantity of \vhtch must 
be present in the diet to maintain norm.al thyroid function and structure. 

FARArf/TROID GLANDS 

There are four parathyroid glands. Each one is a small body, measur- 
ing approximately 3 by 6 mm., located on the posterior surface of the 
lateral lobes of the thyroid gland close to the anastomosing superior and 
inferior thyroid arteries. Occasionally, one or more accessory or aberrant 
glands may be present. Tlie appearance of the parathyroid at low mag- 
nification IS illustrated in Fig. 220. 

The parathyroid stroma is inconspicuous A fibrous connective-tissue 
capsule surrounds each gland and separates it from the thyroid. This 
gives rise to small trabeculae for the blood vessels that supply the paren- 
ch\ma The finer subdh'isions of the stroma are reticular and carry the 
sinus'hke capillaries. 
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globoidal cysts or follicles lined %vith low simple columnar epithelium. 
The follicles vary in size from small clumps of cells with scarcely any 
lumen to those measuring 100 to 200 in diameter. These are filled with 



a fluid substance known as colloid, which is rich in iodine and contains 

the thyroid hormone. 

Colloid is usually found incompletely filling the follicles in fixed and 
stained preparations, where it has shrunken away from the epithelium 
(Fig. 216). It is usually acidophilic. Occasionally, detached epithelial 
cells or lymphocytes are seen in it. In life, the colloid completely fills 
the follicles. 
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Tlieie is only one {>^>6 of cell recognizable in the follicular epithelium. 
It is almost cuboidal in shape, but shape and size vary somewhat with 
age, sex, and the state of tliyroid Cell division is rare. Degen- 

erating cells occasionally appear. The structure of th)’roid epithelium is 
seen in Fig. 217. 

The direction of secretion of tliyroid follicle cells is into the lumen. 
Secretion droplets liave been seen pinching off at the free cell surface, 
as in apocrine glands. Tlie thyroid secretion is stored in the colloid and 
reabsorbed into the blood stream through the epithelium as needed. This 
reabsorption is made possible by hydrolysis of the colloid by a proteo- 
lytic enzyme. Intense hyperactivi^ during abnormal conditions leads 
to the speeding up of the processes of secretion into the colloid, its hy- 
drolysis, and reabsorption. 

Tlie primary function of thyroid secretion is regulation of the meta- 
bolic rate of the body. Hypofunction leads to the slowing down of meta- 
bolic processes. This is manifested in the thyroid by increased amount of 
colloid and reduction in height of epithelial cells. Hyperfunction causes 
an increase in the basal metabolic rate. Tlie thyroid follicles are depleted 
of colloid, and tlie epithelium becomes taller and sometimes folded. 
Hypertrophy of the epithelium may occur during marked hyperacliv’ity. 
An interrelationship e.xists between the th)Toid and other endocrine 
glands. Most notable is the stimulation of thyroid secretion by a thyro- 
tropic hormone from the anterior lobe of the hypophysis. The thyroid 
is sensitive to deficiency in iodine, an optimum quantity of which must 
be present in the diet to maintain normal thyroid function and structure. 

PARAniYHOW GLAAfDS 

There are four parathyroid glands Each one is a small body, measur- 
ing approximately 3 by 6 mm., located on the posterior surface of the 
lateral lobes of the thyroid gland close to the anastomosing superior and 
infenor thyroid arteries. Occasionally, one or more accessory or aberrant 
glands may be present. Tlie appearance of the parathyroid at low mag- 
mficatioji IS illustrated in Fig. 220 

The parathyroid stroma is inconspicuous. A fibrous connective-tissue 
capsule surrounds each gland and separates it from the thyroid. This 
gu es rise to small trabeculae for the blood vessels that supply tlie paren- 
chr-ma Tlie finer subdmsions of the stroma arc reticular and carry the 
sinus'hkc capillaries. 
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The parenchyma of the parathyroid consists of cords of epithelioid 
cells closely packed and intimately related to the capillaries. Occasion- 
ally small colloid-filled follicles occur among the cell cords, but these 



are not the same as thyroid follicles. They have no unusual amount of 
iodine in them. 

The cells of the parathyroid cords are of hvo types called principal 
cells and acidophil cells. The cytoplasm of the principal cells is pale 
and nongranular. That of the larger, acidophil cells is darker and con- 



FIGURE 221. Human paraJliyroid gland The lumen of a pseudofollicle is seen 
a little to the left of the center. Two small dark nuclei on its inimediate left be- 
long to acidophil ceils; larger, lighter nuclei belong to principal cells PhotO' 
micrograph, 600 X . 

of blood calcium we do not know. Parathyroid glands are essential for 
maintenance of life. Removal of them leads to development of parathy- 
roid tetany, 

SVTRAREI^AL QLAm$ 

The suprarenal glands form little caps for the rostral ends of the kid- 
ne>’s, from which they are separated by some fibrous connective tissue. 
The two supraren.al glands differ from the many pancreatic insular 
glands, the four parathjTOids, and the single tliyroid in respect to greater 
structural and functional complexity. Each, in reality, is a duple.v organ, 
consisting of cortex and medulla, which form different secretions. Each 







endocrine ORGAN'S 

Tlic parenchyma of the parathyroid consists of cords of epithelioid 
cells closely packed and intimately related to the capillaries. Occasion- 
ally small colloid-filled follicles occur among the cell cords, but these 



FIGURE 220. Paiathyicnd gland Nonidez photomicrogrnph, approximately 
80 X. 


are not the same as tliyroid follicles. Tliey have no unusual amount of 
iodine in them. 

The cells of the parathyroid cords are of two t)'pes called principal 
cells and acidophil cells. The cytoplasm of the principal cells is pale 
and nongranular. That of the larger, acidophil cells is darker and con- 
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gland weighs approximately 6 gm. Part of one gland is shown in Fig. 

OOP 


Tlie suprarenal stroma, with its blood vessels and nerves, is of major 



FIGURE 222. Human suprarenal gland, showing its division into cortet, the darker 
peripheral region, and medulla, the lighter centra! area. The largest vein, v, is sec- 
tioned near tlie hiius, and cortical tissue indents the gland here to form an incomplete 
dark ring. Longitudinal smooth-muscle bundles he inside tliis ring. Artenes, o, appear 
in the surrounding adipose tissue Photomicrograph, 13 K. 

importance. A capsule of fibrous connective tissue covers die surface and 
passes into the gland at the hihis. From this point, there emerges a rela- 
tively large suprarenal vein, characterized by an abundance of longi- 
tudinally arranged smooth muscle. Arteries supplying the gland come 
from three sources. Their branches penetrate the capsule at various 
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suprarenal cortex of the fresh unstained gland. The narrow zona reticu- 
laris has both light and dark cells. The dark ceils not only stain deeply; 



FIGURE 2S4 Human suprarenal gland. The same specimen as Fig 223, 
showing zona reticuLiris on the Wt and medaUa on the right Photomicro- 
graph, 300 X 


they ha\e some brown Upochrome pigment in their cytoplasm, Tliey may 
be the old cells approaching physiological degeneration. Macrophages 
are found among the lining cells of the sinusoidal capillaries of the zona 
reticularis. 
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the sinusoidal capillaries of the medulla. Tlie suprarenal gland has the 
richest supply of blood of all the organs in the body, although you will 
scarcely believe this when you see routine sections in which most of the 
capillaries are empty and collapsed. 

Bundles of nerve libers pass from the capsule of the suprarenal gland 
through the cortex to the medulla. Some fibers supply smooth muscle of 
the suprarenal blood vessels. However, most of tliese nerve fibers end 
among cells of flie medulla. Tlicy arc preganglionic sympathetic nerve 
fibers ending among gland cells instead of on postganglionic neurons. 

Cortex of the suprarennt gland: Tlie fundamental plan of the cortex is 
an arrangement of parallel cords of cells knotted and looped at the 
periphery and branched and anastomosing at their medullary ends. Blood 
capillaries, formed beneath the capsule, pass toward tire medulla among 
the cords and arc in intimate contact with their cells. ^Vhen the cords 
branch and nnastoinoso, the capillaries do likewise. All of the blood en* 
ters the suprarenal corte.x at its peripher)' and leaves the cortex at its 
deep border. Consequently, a gradient mn}' e.xist in respect to diffusion 
of substances out of and into capillaries, and it is not surprising to ob- 
serve a marked change in the appearance of cells from the exterior to- 
ward the interior of the ghand. 

TIrree principal zones can be distinguished in the cortex. The outer- 
most is the zona glomerulosa. There the cells are arranged in balls or 
loops at the ends of the cords. Tliis is a narrow zone, as will be seen in 
Fig. 223. Straight parallel columns of cells, hvo thick as a nile, form the 
zona fasciculata. This is the xvidesl. Cell cords anastomose in the narrow 
zona reticularis, which is innermost next to the medulla (Fig. 224). These 
anastomosing cords are usually only one cell thick. 

The elements of the cortical parenchyma are replaced by transforma- 
tion of indifferent cells of the suprarenal connective-tissue capsule into 
new glomerular cells. Mitotic division of cells in the zona glomenilosa 
push newly formed cells inward. Afitoses are not confined to the periph- 
eral region but may be seen in the zona fasciculata, too. Cells of the zona 
reticularis once occupied a peripheral position. Some cells will be found 
undergoing degeneraliv’e changes in the zona reticularis. 

Cells of the zona glomerulosa stain darkly. Tlrcy have deeply staining 
nuclei and some basophilic material in the cytoplasm. Those of the zona 
fasciculata are characterized by numerous cytoplasmic lipoid droplets, 
indistinguishable as such in fixed and stained preparations but repre- 
sented by vacuoles. This hpoid material imparts a yellowish color to the 
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suprarenal cortex of the fresh unstained gland* The narrow zona reticu- 
laris has both light and dark cells. The dark cells not only stain deeply; 



FIGURE 224 Human suprarenal ^nd. TIic same specimen as Fig. 22S, 
showing zona leticulans on the left and medulla on the right. Photomicro- 
grapii, 300 X . 


they have some brown lipochrome pigment in their cytoplasm. They may 
be the old cells approaching phvsiologtcal degeneration. Macrophages 
arc found among the hning cells of the sinusoidal capillaries of the zona 
reticularis. 
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the sinusoidal capillaries of the medulla, Tlie suprarenal gland has the 
richest supply of blood of all the organs in the body, although you will 
scarcely believe this when you see routine sections in which most of the 
capillaries arc empty and collapsed. 

Bundles of nerve fibers pass from tlie capsule of the suprarenal gland 
tluough the cortex to the medulla. Some fibers supply smooth muscle of 
the suprarenal blood vessels. However, most of these nerve fibers end 
among cells of the medulla. They are preganglionic sympathetic nerve 
fibers ending among glajid cells instead of on postganglionic neurons, 

Cortex of the suprarenal The fundamental plan of the cortex is 

an arrangement of parallel cords of cells knotted and looped at the 
periphery and branched and anastomosing at their medullary ends. Blood 
capillaries, formed beneath the capsule, pass toward the medulla among 
the cords and are in intimate contact with tlieir cells. When the cords 
branch and anastomose, the capillaries do likewise. All of the blood en- 
ters the suprarenal cortex at its periphery and leaves the cortex at its 
deep border. Consequently, a gradient may exist in respect to diffusion 
of substances out of and into capillaries, and it is not surprising to ob- 
serve a marked clmnge in the appearance of cells from the exterior to- 
ward the interior of the gland. 

Three principal zones can be distinguished in the cortex. The outer- 
most is the zona gtemeruloso. There the cells are arranged in balls or 
loops at the ends of the cords. Tliis is a narrow zone, as will be seen in 
Fig. 223, Straight parallel columns of cells, hvo thick as a rule, form the 
zona fasciculata. This is the widest. Cell cords anastomose in the narrow 
zona reticularis, which is innermost next to the medulla (Fig. 224). These 
anastomosing cords are usually only one cell thick. 

The elements of the cortical parenchyma are replaced by transforma- 
tion of indifferent cells of the suprarenal connective-tissue capsule into 
new glomerular cells. Mitotic division of cells in the zona glomerulosa 
push newly formed cells inward. Mitoses are not confined to the periph- 
eral region but may be seen in the zona fasciculata, too. Cells of the zona 
reticularis once occupied a peripheral position. Some cells will be found 
undergoing degenerative changes in tlie zona reticularis. 

Cells of the zona glomerulosa stain darkly. They have deeply staining 
nuclei and some basophilic material in the cytoplasm. Those of the zona 
fasciculata are characterized by numerous cytoplasmic lipoid droplets, 
indistinguishable as such in fixed and stained preparations but repre- 
sented by vacuoles. This lipoid material imparts a yellowish color to the 
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suprarenal cortex of Uie fresh unstained gJand. The narrow zona reticu- 
laris has both light and dark cells. The dark cells not only stam deeply; 
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The function of the suprarenal cortex is not simple. In fact, this part 
of the gland has many functions, and more than one active principle is 
secreted by it. One of its most important functions is regulation of 
sodium and potassium balance. In cortical deficiency (Addisons disease), 
great quantities of sodium arc excreted by the kidneys, and the blood 
level of potassium becomes abnormally high. Resistance to stress is 
greatly impaired. Tlicse disturbances arc related to inadequate produc- 
tion of several active fractions of cortical secretion. 

Other fractions of the suprarenal cortex secretion are related chemi- 
cally to hormones produced by the gonads. Functionally, little is defi- 
nitely certain about them. 

The storage of xntamin C by the suprarenal cortex is noteworthy. Cho- 
lesterol is present in the cortex. Tlie pliagocytic activity of macrophages 
in the zona reticularis has been mentioned. 

The relationship of suprarenal cortex to other endocrine glands is im- 
portant The anterior lobe of the hypophysis provides a corficotropic her- 
mone. Tlie th)TOid and gonads can influence suprarenal size and func- 
tion. The suprarenal glands are relatively much larger at birth than dur- 
ing any other period. Tliey undergo partial inv'olution after birth, losing 
one-third of their birth weight in the first two weeks, owing to degenera- 
tion of the inner part of the cortex, which is of exceptional size. 

Medulla of the suprarenal glands: The suprarenal medulla bears little 
resemblance to the cortex. Its cells are ovoid and are arranged in irregu- 
lar anastomosing cords (Fig. 224). Among the cords are many ^vide 
sinusoids continuous with the capillaries of the cortex and draining into 
the central suprarenal vein. 

Two features characterize the medulla of the suprarenal glands. Its 
cells exhibit the chromaffin reaction; i.e., they stain a brownish color when 
fixed in potassium bichromate. They have endings of preganglionic 
sympathetic neurons among them. 

The fine cytoplasmic granules that slain brownish appear to be the 
precursors of epinephrine, the medullary hormone, which is secreted 
into the venous sinuses. Extracted epinephrine causes vascular smooth- 
muscle contraction and stimulates massive sympathetic nen'oits activity 
when administered hypodermically. The direct innervation of the medul- 
lary cells suggests a mechanism for quickly creating such a massive sym- 
pathetic response. It is noteworthy that the suprarenal medulla arises 
embryologically from the same primordia as the sympathetic ganglia. In 
fact, sympathetic nerve cells are found in the medulla occasionally. 
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The hypophysis, mighty midget among the endocrine organs, is a du- 
plex gland like the suprarenal. Like the suprarenal, one of its portions is 
of nerv'ous origin and secretes hormones tliat stimulate motor activity. 



FIGURE 225 Iluman hypophysis Klid-sagiUal sect/on to show its general topog- 
raphy Specimen in tlie Pi'ersol collection Photomicrograph, 12 X. 


Tljc hypophysis weighs only a little more than half a gram. It lies at 
tile base of tiie brain in a bony enp lined and roofed over by dura mater. 
It is encapsulated with dense fibrous connective tissue continuous with 
the pia mater of the brain. A rich blood supply comes from the arteries 
at the base of the brain. Veins drain into the cavernous sinus. 

Tlic hypopliysis may be divided into two parts on an embr^ological 
basis One of these, the pars nervosa, is still connected with the adult 




FIGURE 226. Human hypophysis, showing colloid*filled follicles of the pars in- 
termedia in the middle, the pars distalis on the left, and the pars nervosa on the 


right. Photomicrograph, 150 X. 


Tliree components are formed by the epithelial diverticulum: the pars 
intermedia, pars tuberalis, and pars distalis, which is more commonly 
called anterior lobe. The anterior lobe arises from the anterior wall of the 
pouch. The pars intermedia de\’elops from the posterior wall and be- 
comes fused with the pars nervosa, the two together constituting the 






HYPOPHYSIS 


335 


posterior lobe. The anterior lobe and tbe neural part of tbc posterior lobe 
are tbe more important components of the hypophysis Relations are 
shonm in Fig, 225. 

Anterior lobc: Approximately tliree-fourtbs of the gland is comprised 



FIGURE 227 Pars distahs of the human \i>pophjsjs. Fholonncrograph, 
600 X 


by the tmterior Jobe, also called pars distoiis. Its connective-tissue cap- 
sule, thicker than that of the posterior lobe, gis-es rise to fine strands of 
loose connective tissue, which form the stroma. Collagenous fibers give 
way to reticular fibers, svhich support a rich network of capillaries. Some 
of the capillaries are sinusoidal. Macrophages occur m their walls, just 
as m the suprarenal gland. 

The cells of the anterior lobe are arranged in clumps and cords, intcr- 
minghng with the snuisoids A few cells form blind acini. 

Tlirec types of cells are itregijlarly distributed throughout the anterior 
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Jobe. TJic most numerous arc chromophobe cells, p.'ile and smaller than 
other types. Tliere is no evidence that tJicsc reserve cells secrete. AcWo* 
ph»l cells, as the name implies, slain readily with acid dyes, like eosin. 
It is tlieir cytoplasmic prcsecretion gramiles that arc acidophilic. Other 
cells are the basophils, only' about onc*third as numerous as the acido- 
phils. The cells of the anterior lobe are illustrated in Fig. 227. 

Tiic pars luberalis, not strictly a part of the anterior lobe, is a thin 
layer of cells resembling those of the anterior lobe but c.vtending along 
the hypophyseal stalk onto the brain. 

Posterior lobe: A thin region called Uie pars intermedia contains many 
basophil cells, some of which infiltrate (he nervous portion of the pos- 
terior lobe for a little distance. Nongranular cells line a few follicles that 
contain colloid. Tlicsc occupy a well-defined zone between the pars inter- 
media and the anterior lobe and are shown in Fig. 226. 

Tlie pars nervosa resembles nervous tissue of the brain but lacks nerve 
cells. Its cells arc related to neuroglia and arc called pitureyfes. Presuma- 
bly they secrete the Jjormorics of tJie posterior lobe. A tract of nen-c fibers 
from the brain passes down the hypophyseal stalk into the neural lobe 
and ends there. Tlic formation of the posterior-lobe hormones depends 
upon the integrity of these fibers. Tlie stnichire of the pars nervosa is 
shown in Fig. 220. 

Hypophyseal secretions: A remarkable number of hypophyseal hor- 
mones have been identified, but little is known about their precise origin. 
From the neural portion come the substances pifoein, which contracts 
smooth muscle, especially tiiat of the uterus, and pitressin, which raises 
blood pressure and e\ertf an antid/uret/c effect upon the kidneys. 

The anterior lobe produces, probably in the acidophils, a growth-pro- 
moting hormone. Excessive secretion in children leads to gigantism and 
in adults to acromegaly (thickening of the bones). The anterior lobe 
produces gonadotropic hormones, possibly in the basophils. Other hor- 
mones are thyrotropic and corticotropic. Furthermore, a loclogenic hor- 
mone initiates lactation in the breast at the end of pregnancy. TJiis synop- 
sis only briefly indicates the importance of the master endocrine gland. 

OTHER ENDOCRINE OHCANS 

The insular endocrine organ was described with the exocrine pancreas 
{pjige 318). Tlie ovary, corpus luteum, and testis are important endo- 
crines which can be considered more adx-antageously with the reproduc- 



FIGURE 228 Human pineal body sbo\^ ing numerous lobulated and lamel- 
lated corpora arenacea Specimen in tl»e ftersol collection Pliotomicrograpli, 

150 X. 

but its entocicrmal components beconne largely replaced with lympho- 
cytes early m fetal life, We have considered it with lymphatic organs 
(page 160). 

The parogangllo are groups of cells resemhling those of the supra- 
renal medulla and are found in the posterior wall of the abdomen at 
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lobe. The most numerous are chromophobe cells, pale and smaller than 
other types. There is no evidence that these reserve cells secrete. Acido- 
phil cells, ns the name implies, stain readily with acid dyes, like eosin. 
It is their cytoplasmic prcsecretion granules that are acidophilic. Other 
cells are the basophils, only about one-third as numerous as the acido- 
phils. The cells of the anterior lobe are illustrated in Fig. 227. 

Tlie pars tuberalis, not strictly a part of the anterior lobe, is a thin 
layer of cells resembling those of the anterior lobe but extending along 
the hypophyseal stalk onto the brain. 

Posterior lobe: A thin region called the pars intermedia contains many 
basophil cells, some of which infiltrate tlie nervous portion of the pos- 
terior lobe for a little distance. Nongranular cells line a few follicles that 
contain colloid. These occupy a well-defined zone between the pars inter- 
media and the anterior lobe and arc shown in Fig. 226. 

The pars nervosa resembles nervous tissue of the brain but lacks nerve 
cells. Its cells are related to neuroglia and are called pituicytes. Presuma- 
bly they secrete the hormones of the posterior lobe. A tract of nerve fibers 
from the brain passes down the hypophyseal stalk into the neural lobe 
and ends there. Tlie formation of the posterior-lobe hormones depends 
upon the integrity of these fibers. Tlje structure of the pars nervosa is 
shown in Fig. 226. 

Hypophyseal secretions: A remarkable number of hypophyseal hor- 
mones have been identified, but little is known about their precise origin. 
From the neural portion come the substances pitocln, which contracts 
smooth muscle, especially that of the uterus, and pitressin, which raises 
blood pressure and exerts an antidhiretic effect upon the kidneys. 

The anterior lobe produces, probably in the acidophils, a growth-pro- 
moting hormone. Excessive secretion in children leads to gigantism and 
in adults to acromegaly (thickening of the bones). The anterior lobe 
produces gonadotropic hormones, possibly in the basophils. Other hor- 
mones are thyrotropic and corticotropic. Furthermore, a lactogenic hor- 
mone initiates lactation in the breast at the end of pregnancy. Tliis synop- 
sis only briefly indicates the importance of the master endocrine gland. 

OTHER ENDOCRINE ORGANS 

The insular endocrine organ was described with the exocrine pancreas 
(page 318). The ovary, corpus tuteum, and testis are important endo- 
crines which can be considered more advantageously with the reproduc- 
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various places. Tiiey exhibit the chromaHin reaction. Endocrine function 
is unproved. 

The plneof body— once considered to be the scat of the soul— may pos- 
sess an endocrinc-Iike function in regard to se.xual development, although 
tin's is uncertain. It is a small body invested by pia mater at the back of 
tlie roof of the third brain ventricle and in front of the midbrain. 

Tile pineal body of young individuals is formed of fibrous and reticular 
connective tissue, capillaries, epithelioid cells, neuroglia, and nerve fibers. 
The most characteristic feature, especially in older individuals, is the 
presence of brain sand, the corporo arenacea, which are laminated and 
often lobutated concretions of mineral salts. These are illustrated in Fig. 
228. 
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tor>' tract. The deep layer of the Jamina propria blends with the peri* 
chondrium or periosteum. 

Ciha of the respiratory epithelium arc active and serve to move the 
nasal secretions toward the nasopharynx. The intrinsic glands and one 
large extrinsic gland, the lacrimal, sirpply serous fluid to moisten the 
epithelium and the air that passes over it Foreign particles, bacteria, 
and pollen grains are picked out of the air by a film of mucus lying on 
the epithelial surface. 

Olfaclotij region: The upper part of the nasal cavity is lined by a spe- 
cial olfactory neuroepithelium. This is psendostratified, about 60 n thick, 
lacks cilia, and contains no goblet cells. Besides the usual columnar and 
basal cells, this epithelium contains nerve cells of a primitive t)pe, the 
olfactory neurons. Each consists of a slender bipolar cell body with a 
bulging ovoid nucleus, located in the deep portion of the epithelmm. 
The cytoplasm contains neurofibrfls. The slender outer process, actually 
a dendron, passes to the epithelial surface, through which it sends six 
or eight minute bristle-Iike projections, the olfactory hairs. The inner 
process, an axon, enters the subjacent lamina propria. Bundles of these 
olfoetory nerve fibers pass tlirough the cribriform plate of the ethmoid 
bone to enter the olfactory bulbs of the brain. 

The lamina propria contains small tubulo-acinous olfactory glands 
(Bowman). Tliese are serous, and they open by many rather wide ducts 
onto the olfactory epithelium, where their watery secretion provides a 
solvent for air-borne scents. You will recall that a similar mechanism is 
present in relation to the taste buds on the vallate papillae of the tongue 
(page 264 ) . 

Appendices of the nasal cooity; The maxillary, frontal, sphenoid, and 
ethmoid bones contain cavities that are lined by thin mucous mem- 
branes, continuous with the respiratory mucous membrane of the nose 
Tiny apertures of these paranasof sinuses permit no significant circula- 
tion of air from the nasal passages. Their epithelium is pseudostratified 
but thmner than that of the nasal cavity. Cilia move secretions toward 
their apertures indirectly. 

A few small mucous glands arc found in the lamina propria of the 
maxillary mucous membrane. Elsewhere the lamina propria is meager 
and indistinguishable from the periosteum. 

Besides the paranasal sinuses, the nasolacrimal duct opens into the 
nasal cavity This is a tube lined with pseudostratified epithelium and 
surrounded by a lamina propria contsuning a venous plexus. Its dilated 
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Tl.e lamina propria is formed of fibrous connective tissue, contain™ 
a good many cells, .imong them I)™pliocytes anti eosinophils. Blood ves- 
sels are numerous in the lamina propria. Anastomosi.ig venous channels 
and capillaries are prominent over the inferior turbinate bone, where 




FIGURE 230. Human laiyat; frontal section through the partly ossified tliyroid 
carti age (ccrt) on the left and the laryngeal ventricle with ventricular (te f) and 
vocal folds (vo /> at the upper and lower rig^iL Note the stratified squamous epi- 
Micliiim with papillae of lamina propna on the lip of the vocal fold. Specimen in the 
Picrsol c-ollcction Photomicrograph. 13 x . 
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upper end, Ihe lacrimal sac, receives two small lacrimal ducts carrying 
the tears that have bathed the cornea and conjunctiva of tlie eye. The lac* 
rimal sac has an epithelium similar to tl»at of the nasolacrimal duct, but 
the lacrimal ducts are lined with stratiHed squamous epithelium. The 
lacrimal gland was considered on page 232. 

PHARYNX 

The pharynx has been described in relation to the mouth cavity (page 
279). The nasal cavities open into the nasopharynx at the posterior 
nares. Laterally, the auditory tubes (Eustachio) open from the middle 
ear. The structure of the nasopharyngeal lining is similar to that of tlie 
nasal respiratory mucous membrane. A lamina propria contains many 
lymphocytes; dense lymphatic tissue forms pharyngeal and tubal tonsils. 
Glands are of the tubulo-acinous mixed ^"pe in contrast to tlie purely 
mucous glands of the oral pharynx. 

There is no sharp line of demarcation be^veen nasal and oral pharynx, 
nor is the laryngeal pharynx clearly bounded. Stratified squamous epi- 
thelium of the oral pharynx is continued down to the upper end of the 
larynx, covering a plate of elastic cartilage, tlie epiglottis. Tlie opening 
of the larynx, known as the glottis, is closed automatically when food 
is swallowed and when foreign bodies or noxious fumes enter the nose 
and nasopharynx. It is closed automatically during tensing of the abdo- 
men in straining. It can close voluntarily. Closure is accomplished by 
sphincter muscles, rather-than by any trap-door action of the epiglottis. 

LARYNX 

The larynx can be studied to best advantage by dissection. It has a 
cartilaginous skeleton to which are attached a number of small skeletal 
muscles, serving as part of the speech mechanism. The mucous mem- 
brane of the larynx is mainly of the respiratory type, like that in the 
nasopharynx. It has pseudostratified epithelium whose cilia move sur- 
face secretions toward the pharynx. Glands in the lamina propria are 
tubulo-acinous and mixed. The lamina propria is u'eJI supplied with 
elastic fibers. Lymphocytes and even lymphatic nodules will be en- 
countered in the laryngeal mucous membrane. A portion of the larynx 
is shown in Fig. 230. 

The mucous membrane has two sets of prominent folds: the ventric- 
ular and vocal folds, or false and true vocal cords. Between these folds 
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is the laryngeal ventricle. Tlie true vocal cords have the vocal ligaments 
of elastic fibers in them. Contraction of their skeletal muscle relaxes them. 
The epithelium over the true vocal cords becomes stratified squamous in 
consequence of their activity. Few glands are found in them (Fig. 230). 

TRACHEA AND BRONCHI 

Tire trachea is a fibrous and cartilaginous tube about 10 to 12 cm. long, 
extending from the larynx to the bifurcation into the bronchi. One can 
distinguish a mucous membrane, a submucous layer full of glands, a 
fibrous and cartilaginous layer, and an adventitia of loose fibrous con- 
nective tissue continuous with that of the neck and mediastinum. 

Cartilage forms the skeleton of the trachea and gives it a certain 
amount of rigidity. Tliere are 16 to 20 hyaline trocheal cartilages form- 
ing incomplete C>shaped rings with openings dorsally, where the esoph- 
agus lies. Dense fibrous connective tissue completes this coat by bridg- 
ing the gaps and becoming continuous with the perichondrium on both 
sides of the cartilages. It forms a fairly dense membrane at the open 
ends of the cartilages, where it extends from one cartilage ring to the 
next. A layer of smooUi muscle, the trochealis muscle, lies in front of the 
fibrous membrane connecting the ends of the tracheal rings. These struc- 
tures are shown in Fig. 231. 

Tiie mucous membrano of the trachea is similar to that of the larynx 
and nasopharynx. It is lined with pseudostratified epithelium, which 
has cilia beating toward the mouth and numerous goblet cells secreting 
mucous, The epithelium rests upon a well-defined basement membrane. 
A lamina propria beneath the epithelium lias many elastic fibers and 
contains numerous lymphocytes. Small blood vessels, lymphatics, and 
nerves course in this layer. Figure 232 shows the mucosa of tlie human 
trachea. 

The submucosa of the trachea is composed of fibrous connective tis- 
sue containing the larger vessels and the tracheal glands. These are 
prominent tubulo-acinous mixed ^ands (Fig. 232) with many ducts pierc- 
ing the lamina propria and opening onto the epithelium. 

The trachea bifurcates to form two smaller tubes of similar structure. 
These are the primary bronchi. Tlie right bronchus has six or eight carti- 
laginous rings; the left, nine to twelve. Each primary bronchus enters 
the hilus of the lung and immediately begins a series of branchings, 
which culminate in the smallest air passages and the lung alveoli. 


-nUCHEA AND BRONCHI 



FIGURE 231. Human trachea, $cctioned through a cartilage on the right and 
through the intercartilaginous membrane on the left. Trachea! g!ands are few 
and compressed on the right, they are more prominent on the left. Note the tra- 
clicalis muscle below Photomicrograph, 6 X . 
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with mesothelium. Since the function of the lung is to bring oxygen of 
the air into close association with the blood, it is evident that the blood 
supply of the lung is of paramount importance. Furthermore, the lym- 


rm 




FIGURE 234. Bronchiole in a lung of a city ^veller. Note the cxtensh*e deposi- 
tion of carbon pigment m p«ibronchial lymphatic tissue. Smooth tnuscle, m, 
is prominent. Numerous alvet^i, <i, anti otic alveolar duct, d, are shown. Photomi- 
erograpl), ISO X . 

phatic drainage of the lung is importattt because it collects the tissue 
fluid that is essential in the transfer of gases within the alveolar walls. 

The similarit)’ between lung and gland structure Is especially striking 
in the newborn, before the first breath has been drawn At that time, the 
lung tnily resembles an extraordinarily vascular gland. The alveoli are 
unexpanded and are lined with low simple columnar epithelium which 
flattens out or ruptures when the lung first expands with air. 

Bronchi: Branches of tlie primary bronchi pass into each lobe of the 
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luivgs from the hilus, accompanied by blood vessels, lymphatics, and 
nen’es. Tlie trabeculae of fibrous connective tissue, in which they course, 
are rich in elastic fibers. The secondary bronchi divide into tertiar)’ 



FIGURE 235 SmaR bronchiole, h, respiratoiy bronchiole, r, alveolar duct, d. 
and .ilveoh, a, in the lung oi a human inlant. Note the ring of smooth muscle in 
the bfonclnole and patches of smooth rnnscle in the alveolar ducts. PJiotomicro- 
grjplj, 150 X . 

bronchi, and so on into smaller and smaller subdivisions through fifty 
or more generations, as it were. A bronchus of small size is shown in 
Fig. 233. 

As bronchi diminish in size, ttieir epithelium is reduced in thickness 
until it becomes a simple columnar niiated lining containing fewer gob- 
let cells. Tl\c cilia increase and goblet cells disappear in the smallest 
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bronchi. Tlie lamina propria, containing lymphocytes, is a thin layer of 
connective tissue in wliich reticular and elastic fibers predominate. 



FIGURE 236. Lung of a cat showing conbnuity of bronchiole, respiratory 
bronchiole, al^'colar duct which branches, and many alveoli. Tlie alveoli are 
the smallest openings Other alveolar ducts, d, are present. Photomicrograph. 


50 X. 

Just beneath the mucosa of the bronchi, there is a layer of smooth 
muscle. This is not a complete coat but consists of diagonal spirals of 
muscle running both to the left and to the right and becoming relatively 
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regular and incompletely encircling plates of cartilage in the lesser 
bronchi. In the larger bronchial branches, no posterior defect, like that 
in the trachea and primary bronchi, is produced by the cartilages. The 
cartilaginous plates disappear altogether in the smallest bronchi, which 
are only about 1 mm. in diameter. 

Tlie bronchial glands are mixed, like those in the trachea. Tliey lie 
outside the smooth muscle and arc found in the smallest bronchi, some- 
times extending a little farther peripherally along the respiratory tree 
than the cartilaginous plates. 

Bronchioles: When the passages become less than 1 mm. in diameter, 
they are called bronchioles. These little conducting tubes are lined with 
simple columnar ciliated epithelium, becoming partly nonciliated dis- 
tally. They have no goblet cells, no glands, and no cartilaginous plates. 
Tliey have relatively much smooth muscle which can constrict and 
shorten them. They mount guard over the delicate respiratory portions 
of the lung. Their surrounding stroma is continuous with that of adja- 
cent lung alveoli. Elastic tissue is abundant in the larger bronchioles, one 
of which is shown in Fig. 234. 

Respiratory bronchioles: Terminal bronchioles are lined with low 
simple columnar epithelium, mostly lacking cilia. They have diagonal 
bands of smooth muscle forming an incomplete layer in their walls, as 
it does in the larger bronchioles. This fenestration leaves regions in 
which the walls of these small tubes arc unusually thin. Such tubes are 
designated respiratory bronchioles. The reason for this is that their ex- 
tremely thin walls become bubbled out into air sacs beUveen the criss- 
crossing bands of smooth muscle. Tliese air sacs are exactly like the ter- 
minal lung alveoli. A respiratory bronchiole will be seen in Fig. 23o. 

Alveolar ducts: As you follow respiratory bronchioles peripherally, you 
will find that each one brandies into several very incompletely circum- 
scribed alveolar ducts. These are clearly depicted in Figs. 236 and 237. 
The walls of these channels are even more extensively ballooned out 
into air sacs than those of the respiratory bronchioles. Their interlacing 
diagonal bands of smooth muscle appear in sections as little knots of tis- 
sue. Each alveolar duct may have several branches. 

Alveoli: The terminal subdivisions of the respiratory tract are the al- 
veoli, or air sacs. They begin as outpocketings of the respiratory bronchi- 
oles but are especially prominent around the alveolar ducts. As you study 
them in histological sections, remember that in life they are even more 
dilated than you see them. Removal of a lung and its fixation results in 
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partial contraction, owing to the richness of elastic fibers in its stroma 
{Fig. 2SS). 

Alveoli hav’c an cvceecUiigly tiun epithelial lining.* This forms the 
simplest possible barrier between the film of intraalv’colar fluid and the 
tissue fluid surrounding the capillaries in the alveolar walls. Tins rich 
capillary ple.\us should be studied in in/cctetl specimens cut into thick 
sections and placed under a binocular microscope set to produce a stere- 
oscopic effect. The capillaries occupy a minute amount of stroma con- 



FIGUnE 233. Elastic fibers In the finest subdivisions 
of tiie pulmon.iry stroma, thick section Pholomicro- 
gr.ipli, 300 'n. 


sisting mainly of reticular and clastic fibers. Macrophages are commonly 
observed within the alveoli (Fig. 47C). Small apertures in alveolar walls 
provide a few intercommunications between alveoli. 

Tlierc are no lymphatic capiilaries in the walls of lung alveoli, but 
lymphatics do course in the stroma around the bronchioles. Tissue fluid 
in the delicate stroma between the alveolar epithelium and capillary en- 
dothelium diffuses back to tlie trabecular lymphatic vessels, just as it 
does in the cords of cells in the liver. 

Blood vessels, lymphatics, and nerves- Blood of low oxygen content 
is brought to the lungs by the pulmonary arteries tor aeration. Branches 
accompany the bronchial tree. The finest pulmonary arterioles convey 
their blood to the rich alveolar plexuses beginning at the level of alveo- 

^ Some believe tbjt the evpjnston of the lung at birth niptures the low columnar 
epithelium of the alveoli ami henceforth there ts no epithehuin hmng these air 
sacs This view js not generally held It w'ould place the air in direct contact with 
the tissue fluid. 
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regular and incompletely encircling plates of cartilage in the lesser 
bronchi. In the larger bronchial branches, no posterior defect, like that 
in the trachea and primary bronchi, is produced by the cartilages. The 
cartilaginous plates disappear altogether in the smallest bronchi, which 
are only about 1 mm. in diameter. 

The bronchial glands are mixed, like those in the trachea. They lie 
outside the smooth muscle and are found in the smallest bronchi, some- 
times extending a little farther peripherally along the respiratory tree 
than the cartilaginous plates. 

Bronchioles: When the passages become less than 1 mm. in diameter, 
they are called bronchioles. These little conducting tubes are lined with 
simple columnar ciliated epithelium, becoming partly nonciliated dis- 
tally. They have no goblet cells, no glands, and no cartilaginous plates. 
Tliey have relatively much smooth muscle which can constrict and 
shorten them. They mount guard over the delicate respiratory portions 
of the lung. Their surrounding stroma is continuous witli that of adja- 
cent lung alveoli. Elastic tissue is abundant in the larger bronchioles, one 
of which is shown in Fig. 234. 

Respiratory bronchioles: Terminal bronchioles are lined wth low 
simple columnar epithelium, mostly lacking cilia. They have diagonal 
bands of smooth muscle forming an incomplete layer in their walls, as 
it does in the larger bronchioles. This fenestration leaves regions in 
which the walls of these small tubes are unusually thin. Such tubes are 
designated respiratory bronchioles. The reason for this is that their ex- 
tremely thin walls become bubbled out into air sacs between the criss- 
crossing bands of smooth muscle. These air sacs are exactly like the ter- 
minal lung alveoli. A respiratory bronchiole will be seen in Fig. 235. 

Alveolar ducts: As you follow respiratory bronchioles peripherally, you 
will find that each one branches into several very incompletely circum- 
scribed alveolar ducts. These are clearly depicted in Figs. 236 and 237. 
The walls of these channels are even more extensively ballooned out 
into air sacs than those of the respiratory bronchioles. Their interlacing 
diagonal bands of smooth muscle appear in sections as little knots of tis- 
sue. Each alveolar duct may have several branches. 

Alveoli: The terminal subdivisions of the respiratory tract are the al- 
veoli, or air sacs. They begin as outpocketings of the respiratory bronclii- 
oles but are especially prominent around the alveolar ducts. As you study 
them in histological sections, remember that in life they are even more 
dilated than you see them Removal of a lung and its fixation results in 
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Another system of arteries enters the lungs. Tliese are the bronchial 
arteries that come from the aorta, Tliey supply the bronchi and the 
pleura with oxygenated blood. The blood carried by them may rehirn 
by way of bronchial veins or may join that of the pulmonary veins. 

Lj'mphatic vessels of the lung form two plexuses. Tliose which course 
tlirough the pleura form a superficial plexus, A deep plevus follows the 
course of the bronchia! tree. There are a few comnmnications between 
these two p}e.\«5es. Lymph nodes occur in the root of the lung. Tlie af- 
ferent Ijinphatic vessels of these nodes come from both l)'mphatic plex- 
uses. The efferent vessels from the lymph nodes enter the mediastinum. 

Nerx’es course along the bronchial tree from the pulmonary plexus in 
the root of the lung. They are concerned mainly with motor innervation 
of the blood vessels and the bronchial musculature, but sensorj' ner\x> 
fibers also are present. 
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FIGURE 239. Pulmonary capillary plexuses among alveoli in the lung of a European 
hedgehog injected through the pulmonary artery. Specimen in the Piersol collection, 
but may have belonged to Joseph Leidy. Photonucrograph. 80 X • 

lar ducts. Pulmonary veins take oii^genated blood back to the heart. 
Their tributaries do not accompany the bronchial tree. They reach the 
root of the lung but course independently in the pulmonary stroma. 
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witli the dense fibrous connccth*c tissue that invests the calyces and 
pelvis. It hues the renal sinus and continues out of tlie hilus over the 
external renal surface as the capsule of tlic kidney (Fig. 2-ii). As blood 



FIGURE 240. Kitlney of a human Infant, cut in cross section. Most of the contents 
of the ren-iJ sinus have been removed, leaving only parts of two calyces. Photomicro* 
graph, 6 X . 


vessels. lymphatics, and nerves pierce the wall of the renal sinus to enter 
the kidney, they are accompanied by small amounts of connectu'e tissue, 
which permeates the entire organ to form the renal stroma. 

The renal stroma is less conspicuous than is that of glands. No septa 
nor trabeculae divide the kidney into lobes and lobules. The finest sub- 
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Xhe excretory organs comprise the kitlneys, ureters, urinar)’ bladder, 
and urethra. The kidneys are of major importance. Tl>e rest of the ex- 
cretory organs are simply conducting and storage mechanisms. 

K/DNEYS 

You learned in botany tliat beans are kidney-shaped. Anatomists tell 
you that the kidneys are bean-shaped. We are loss concerned about their 
shape than iiow they work, hfuch can be learned about the function of 
the kidney from a study of its intrinsic structure. There is no other organ 
a knowledge of whose blood supply is more important. 

A good way to begin a study of the kidney is to look at a frontal sec- 
tion cut through the center of the whole organ. If a human kidney is 
unobtainable, get one from an animal, but bear in mind that tliere are 
species differences. You will see a good deal of fat and areolar tissue fill- 
ing a space in the center on the Jiilus side. Tliis space, the renol sinus, 
is occupied by the renal pelvis and major and minor cel/ces as well as 
by branches of the renal blood vessels. Figure 240 shows a cross section 
through an infant’s kidney. 

The kidneys Iiave the structure of glands, but they produce no exo- 
crine secretion. How they form acid urine from an alkaline filtrate of 
blood plasm, you will study in detail in courses in physiology. Kidneys 
resemble compound tubular glands, each with eight or more Jobes not 
clearly circumscribed. The functional elements of the kidneys are called 
nephrons. A system of excretory ducts carries off the urine and empties it 
into the calyces of the renal pelvis. 

General architecture. The areolar tissue of the renal pelvis blends 
350 




sbmted. Thu papiHae and pyramids comprise the medolfa of tlie kidney. 
The base of a pyramid is directed tou-ard the surface of the kidney, and 
it is not sharply demarcated because stripes of medtillary substance go 
beyond the medulla into the cortex of the kidney, forming meduilary 





FIGURE 242. Renat corpuscle and tubules of a humDn Jdclney. The glomerulus 
is sectioned near its vascular pole; a, arteriole; c, renal capsule, rf, distal convo- 
luted tubule, p, proximal conroliitcd tubule. Reticular fibers of the renal stroma 
are stoned by the silier carbonate method, 800 X. 

roys. In a gross section you xvUl see that each pyramid is surrounded, 
except at its papilla, by cortex of the kidney (Fig. 240). 

Between pyramids, the cortex reaches the surface of the renal sinus, 
formirig interpyramidal renal columns. These arc not actually columns 
but regions of cortical substance surrounding tJie cones of medulJaiy' 
substance. Medullary rays and pyramids contain straight portions of the 
renal tubules and the collecting tubules, whereas the cortical substance 
contains convoluted tubules and renal corpuscles. You will need micro- 
scopical preparations to see tliese structures. 
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divisions of the stroma become reticular (Fig. 242). Delicate basement 
membranes are formed beneath the tubular epithelium. These are es- 
pecially well shown in Fig. 246. 



FIGURE 241 Human kidney, showing connecHve-tissue capsule (above) and cor- 
tex containing convoluted tubules, renal corpuscles, and blood vessels; medullary 
rays begin in the lower part of this region Photomicrograph, 80 X . 


At birth, lobes of the kidney are clearly indicated by surface markings. 
Later the lobes fuse completely. Indication of lobulation in the adult 
is seen in the multiple projections of renal medullary substance into the 
renal sinus. These are the conical renal papillae, each one clasped by a 
minor calyx, into the lumen of which urine is emptied from openings of 
10 to 20 ducts. 

Renal papillae form the apices of renal pyramids which grossly appear 
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colIecUng: tubulo 



FIGURE 24-1. Duigram of three ncplitons anti iheir coJJecbng tuliulc. Distal tubules 
are stippkd, other parts of the nopJatm are unshaded. Redrawn after G. C. Huber, 
from J L Bremer and H L Weatlierford, A Te^book of Htilchey; Blakiston, 1914. 
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The nephron: The part of the uriniferous tubule that forms the urine 
and corresponds to the secretory portion of a true gland is called the 
nephron. This, the functional unit of the kidney, consists of a capsular 
portion and a tubular portion. Tlie tubular part of the nephron is sub- 



convoluted tubule, (I, distal convoluted tubule, g, glomerulus; p, proximal con- 
voluted tubule Pliolonucrograph, 300 X- 

divided further into proximal and distal segments, formed by simple 
columnar epithelium, connected by a short length of thin tubing of sim- 
ple squamous epithelium ( diagrammalically represented in Fig. 244). 

The renal capsule (Bowman) is a sac of simple squamous epithelium 
invaginated by a tuft of arterial capillaries, the glomerulus. The two 
together form the renal corpuscle (Malpighi), a small body about 0.2 
mm. in diameter. The capsule has a wall of columnar cells in the fetus, 
but these cells become flattened after birth when the kidney suddenly 
takes over the excretory function of the placenta. You will have to look 
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carefully to see the thin lining of the adult capsule and its reflection onto 
the capillary tufts of the glomerulus (Figs. 242 and 243). 

Each renal corpuscle has a vascular pole at which an afferent arteriole 
enters and an efferent arteriole leaves (Ftg. 242), and a tubular pole 
where the lumen of the capsule opens into the proximal tubule (Fig. 
243). Since each renal corpuscle measures about 200 in diameter, you 
will have to examine a number of them in thin sections to find these 
poles. 

The renal tubule, which arises at the capsule, Brst pursues a tortuous 
course in the renal cortex near the capsule, then forms a long straight 
loop into the medullary rays and pyramids. Returning to the cortex, it 
engages in another smaller series of convolutions before joining an ex- 
cretory collecting tubule. Thus, three parts are distinguishable on the 
basis of the course of the tubular portion of the nephron: proximal con- 
voluted and distal convoluted tubules and the loop (Henle). 

From the standpoint of minute structure and function, the proximal 
convoluted tubule and the thick part of the descending straight limb of 
the loop are alike. The thick straight ascending limb of the loop and the 
distal convoluted tubules are alike. The thin portion of the loop has a 
structure significantly different from either. 

The proximal convoluted tubule is long and tortuous. Since it meas- 
ures about 14 mm. in length, or one-half the length of the entire nephron, 
and since it makes many turns, you may expect to encounter sections of 
it in many places in the vicinity of one renal corpuscle. The straight por- 
tion of the proximal tubule passes into a medullary ray to begin the de- 
scending limb of the loop and is spoken of as the medullary segment 

The proximal tubule is thickest of all parts of the nephron. It has wide 
low columnar cells resting on a basement membrane. They are basally 
striated and possess a brush border on their free surface, indicating their 
absorptive function (Fig. 245). Cells do not have distinct boundaries 
where one joins another. 

The thin segment of the nephron continues the downward course of 
the medullary segment of the proximal tubule and is of variable extent. 
When associated with a renal corpuscle located in the outer part of the 
cortex of the kidney, it is short. Nephrons whose corpuscles lie near the 
base of a pyramid have long thin segments which may extend almost to 
the apex of the pyramid and then pass for some distance back up the 
ascending limb of the loop. Observe cross sections of these in Fig. 246. 

Cells of the thin segment are squamous but not so flat as the endo- 
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tubules, they are cut into fewer sections. You will find one or two near 
the vascular pole of the renal corpuscle (Figs. 242 and 243). One con- 
volution always makes contact with the thick-walled afFercnt arteriole of 
the glomerulus. Tliere it displays taller, thinner columnar cells at the 
point of contact. 

Collecting tubules: The distal convoluted tubule terminates in a duct, 
the collecting tubule, Tlicre is an arched portion in the cortex, but this 
is short and joins the straight collecting tubule which passes through a 
medullary ray into a pyramid. In the pjTamid, it joins other straight col- 
lecting tubules. They increase in size from aliont 40 to 200 fi before 
emptying at the papilla into a minor oaly.x. The largest are called papil- 
lary ducts. 

Tlie cells lining the collecting tubules form a clear low columnar epi- 
thelium, which resembles that of c.\crctory ducts of glands, Cell bound- 
aries are distinct. As the ducts increase in diameter, the cells increase in 
height. They become tall simple columnar cells in the largest, papillary 
ducts (Fig. 246), 

Renal blood vessels: Branches of the renal ortery pass from the renal 
sinus into the cortical substance between renal papillae. When each of 
these arteries reaches the level of the base of the p)Tamid, it terminates 
in a number of short arching branches that run parallel to the kidney 
surface. These are the arcuate arteries, wliich do not anastomose with 
One another. They branch into interlobular arteries of the cortex. Tliesc 
leave the arcuates at right angles and ascend toward the surface, one 
lying between each two medullary rays, as a rule. 

The interlobular arteries are Irce-like. From the central trunk arise 
numerous side branches, the afferent glomerulor arterioles, which enter 
the vascular poles of the renal corpuscles. The system of arcuate and in- 
terlobular arteries is so complete that no afferent arteriole needs to 
course very far to reach its renal corpuscle (Fig. 247). 

The afferent glomerular arterioles divide into four or five branches at 
the vascular pole, and each of these again divides. A series of intertwin- 
ing, although separate and nonanastomosing, capillary loops builds the 
glomerulus. The capillaries recombine to form, not a venule, as you 
might expect, but another arteriole, the efferent glomerular arteriole. 
The efferent arteriole has a smaller caliber than the afferent arteriole. 

As the afferent arteriole approaches the glomerulus, its wall is thick- 
ened. Its smooth-muscle cells take on a clear swollen nonfibnllar appear- 
ance and look like epithelial cells. This thick-walled part of the vessel 
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thelial cells of adjacent capillaries. Furthermore, the absence of blood in 
the lumen of the thin segments helps you distinguish them from capil- 
laries. 

Tlie distal tubule begins at the thick segment of the loop. Its course 
is in a pyramid and a medullary ray as it passes back to the vicinity of its 




FIGURE 246 Inner zone of the medulla of a rabbit kidney sechoned across a renai 
papilla and stained with iron hematoxylin. Large ducts are collecting tubules, small 
ducts are thin limbs of nephron loops and blood capillaries, some of the latter identi- 
fied by daik-stained red corpuscles inside Specimen by the late Dr. George de Renyi 
Photomicrograph, 600 X . 

own renal corpuscle. There, in the cortex, it becomes tbe distal convo- 
luted tubule. 

Cells of the distal tubule are low columnar, smaller and narrower 
than those of the proximal tubule. They, too, rest on a delicate basement 
membrane. Their nuclei appear closer together than do the nuclei of the 
wide cells of the proximal tubule. The cytoplasm stains lightly and is 
not distinctly striated. There is no brush border. Since the distal con- 
voluted tubules are considerably shorter than the proximal convoluted 
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resembles the blood vessels in the carotid body (page 151). The name 
juxtaglomerular apparatus has been given to it, and an endocrine func- 
tion has been suggested. 

As soon as the efferent arteriole leaves the glomerulus, it breaks up 
into anotlier series of capillaries, whicli arc e.vtrcmely numerous. They 
form rich networks around all the renal tubules in the cortex and medul- 
lary ravs. A delicate reticular stroma supports this capillary bed. 

The renal p)Tamids are supplied by capillary networks which arise 
from branches of ilie efferent arterioles of the glomeruli nearest the 
medulla, Tliey form capillary networks about the tubular loops and are 
less torbious than those of the cortical substance. All parts of the renal 
tubule are supplied by blood that lias already traversed the filtration 
units, i.e., the renal glomeruli. Capillary blood pressure is low. 

Tributaries of tiie renal veins course with interlobular and arcuate 
arteries and bear the same names. Tlrclr tributaries, in him, arc venules, 
which drain blood from the tortuous capillaries of the cortex. Straight 
venules receive blood from the medulla. Tliey enter the arcuate veins 
directly. 

Renal function: Tlic kidney is the most important organ for the main- 
tenance of constant composition and volume of the body fluids. It takes 
enormous quantities of water out of the blood plasma, but it puts most 
of this back. Water serves as the vehicle for dissolved substances, many 
of which are selectively excreted in the ncplirons. Filtration takes place 
in the 2 to 8 million renal corpuscles; 160 to 190 1, of filtrate are removed 
from the blood daily, Tliis fluid has all the constituents of blood plasma 
e.xcept fat and large protein molecules. Tlic efferent glomerular arteriole 
helps regulate the pressure of blood in the glomerulus. This pressure 
must be high enough to offset the pressure of fluid in the capsule plus 
the osmotic pressure of the blood plasma proteins. If the efferent arteri- 
ole were as large or larger than the afferent arteriole, filtration pressure 
might be too low to permit urine formation. 

The tubules put water and many of the solutes back into the blood 
by selective absorption. The higher pressure inside the tubules and the 
much lower capillary blood pressure should be borne in mind. The glo- 
merular filtrate enters the proximal tubule, whose cells with their brush 
border have a structure suggestive of their absorptive function Glucose 
is completely returned to the blood under normal conditions. Amino 
acids are likewise removed from die filtrate. Urea and some electrolytes 
are partly absorbed. 




FIGURE 247. Diagram of the kidney cortex and medulla. Arteries and capillaries 
on arterial side are black, veins and capillanes on venous side are white. Numerak 
refer to 1, fibrous capsule, 2, cortex, 3, outer zone of medulla, 4, inner zone of me- 
dulla. Redrawn from A. A. Maximow and W. Bloom, A Textbook of Hhtologtj, Saun- 
ders. 1944. 



figure 249. Portion pf the human ureter Note the inner longitudinal muscle 
bundles, the outer circular muscle is seen at the bottom of the figure. Compare witli 
illustrations of genital ducts Fhotomicrograph, 150 X. 


tubules. A disturbance of the pancreatic insular gland (diabetes melH- 
tus) produces a condition in whicit the nephrons are oterloaded with 


sugar. 
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Water is absorbed in great quantities, both proximal and distal tubules 
being engaged in this activity. VVater absorption is a major function of 
the distal tubule, even though its cells lack a brush border. The role of 
the tubules in regulating the acid-base balance will be considered in 
physiology. 



A substance that can increase local blood pressure is produced by 
combination of renin, arising in the kidney, with a protein fraction of 
the blood. The juxtaglomerular apparatus has been suggested as a pos- 
sible site of secretion of renin. 

Control of renal function by the endocrine organs should be recalled. 
Deficiency of secretion of the posterior lobe of the hypophysis leads to 
greatly increased water output (diabetes insipidus) and a compensatory 
thirst. Deficiency of suprarenal cortical secretion results in decreased 
absorption of sodium and increased absorption of potassium ions in the 
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FIGURE 2S0 Urinary bladder of a ^g{ contracted state Compare with Fig. 28. 

Photomicrograph, 20 X. 


many elastic fibers and small blood wssels. It, too, is capable of accom- 
modation to changing conditions in the bladder. 

The muscuiaris has three layers. The inner and outer lie in the same 
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RENAL DUCTS 

The duct of the kidney is formed by the ureter and its expanded 
proximal end, the renal pelvis. Extensions of the pelvis are the calyces 
that clasp the papillae. Tlie two ureters terminate by passing diagonally 
tlirough the wall of the urinary bladder. The walls of the several parts of 
the renal duct are similar in structure, consisting of mucosa, muscularis, 
and adventitia. 

The mucous membrane is lined with transitional epithelium, several 
cells thick and lacking a basement membrane. The lamina propria be- 
neath this merges directly with the fibrous connecti\'e tissue among the 
bundles of smooth muscle of the middle coat. It contains no glands. 
There is no submucosa. In the ureter, the mucous membrane is thrown 
into longitudinal folds, which impart a stellate appearance to its lining 
in cross sections (Figs. 248 and 249). 

The muscular coat consists of inner longitudinal and outer circular 
layers, which is just the opposite of that in the muscularis of the diges- 
tive organs. Near the bladder, an accessory outer longitudinal layer is 
added. In the calyces, the circular muscle is tliick. Both layers are well 
developed in the renal pelvis, but the longitudinal layer consists only of 
scattered bundles throughout most of the ureter. The muscularis of the 
renal calyces and pelvis undergoes peristaltic contractions which squeeze 
the urine on into the ureters. The well-developed longitudinal layer at 
the lower end of the ureter tends to maintain the integrity of the ureteral 
orifice into the bladder. 

The adventitia of the ureter consists of fibrous connective tissue con- 
taining blood vessels, lymphatics, and nerves. A considerable quantity 
of fat is found around it in the renal sinus. 

URINARY BLADDER 

Although the urinary bladder has a structure much like the ureter, 
its wall is thicker, mainly because of an increase in smooth muscle. Its 
appearance varies with the degree of distention (Fig. 250). 

The mucous membrane of the empty bladder is thrown into heavy 
folds. The epithelium is transitional and may be six or eight cells thick. 
When greatly distended, the bladder has only two or three layers of cells 
in its epithelium, and the surface cells are very much flattened (Fig. 28). 
The lamina propria of the mucous membrane is quite loose and contains 



FIGURE 251. Human female urethra (below) and anterior wall of the vagina 
(above), sechoned at the level of the urogenital diaphragm, conneclive-bssue stain. 
The adventiha of the vagina and urethra join at 1, the inner longitudinal and outer 
circular smooth-muscle layers are shown at 2 and 3, the sphincter of skeletal muscle 
IS seen, darkly stained, at 4. Photomicrograph, 10 X . 

gone e.xtensive development, and it has become an important genital 
passage. Consequently it will be described in the next chapter (page 
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plane. The middle layer is thickest, and its fibers run at right angles to the 
inner and outer layers. There is much loose fibrous connective tissue 
permeating muscle bundles, and this permits them to shift during disten- 
tion and collapse of the bladder. An internal urinary sphincter muscle 
is provided at the place where the urethra begins. 

Tile adventitia, or outer coat of the bladder, contains the larger blood 
vessels, lymphatics, and nerves. It is covered by mesothelium of the peri- 
toneum over part of the bladder. 

URETHRA 

The urethra is a duct connecting the lower end of the bladder ivith 
the exterior and is much shorter in the female than in the male, measur- 
ing only about 3 or 4 cm. in length. Tlie female uretlira presents a struc- 
ture of no great complexity. It is illustrated in Fig. 251. 

The mucous membrane, like that of other large ducts emptying onto 
the body surface, has an epithelium that changes to stratified squamous 
near its orifice. Stratified columnar or pseudostratified epithelium may be 
present just before the stratified squamous epithelium begins. Elsewhere 
the epithelium is like that of the bladder. It is the transitional type. 

The mucous membrane is folded longitudinally, and there is an espe- 
cially prominent fold posteriorly. A few small urethral glands of tubulo- 
acinous type secrete mucus, Some of them empty into little epithelial 
pockets. Two small groups of them inconstantly open directly onto the 
vestibule by means of ducts on either side of the urethral orifice instead 
of into the urethra. These are the paraurethral ducts. All the glands of 
the female urethra are homologous with those of the prostate in the male. 

Tlie lamina propria of the female urethra is loose and resembles that 
of the bladder, with which it is continuous. It does not form a true 
corpus spongiosum. 

The muscularis of the urethra is formed by prominent inner longitu- 
dinal and outer circular layers, which are separated by a venous plexus. 
The circular muscle enters into the formation of an internal sphincter at 
the junction of the urethra with the bladder. An external sphincter made 
of skeletal muscle is present at the lower end of the urethra, as shoivn in 
Fig. 251. 

In the adventitia are blood vessels, lymphatics, and nerves. These 
course in fibrous connective tissue, which blends with that of the sur- 
rounding perineum. 




FIGURE 251. Human female nrcthra (below) and anterior wall of the vagina 
(above), sectioned at the level o! the urogcoUal diapliragm, connective-tissue stam. 
The adventitia of the vagina and urethra join at 1; the inner longitudinal and outer 
circular smooth-muscle l3>ers are shown at 2 and 3, the sphincter of skeletal muscle 
K seen, daiWy stained, at 4 Photomicrograph, 10 X 


gone extensive development, and it has become an important genital 
passage. Consequently it will be described in the next chapter (page 
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Male Reprochictory Organs 


Ihe reproductory organs of tfie male are (hose concerned with sperm 
formation (the testis); with sperm transportation (the epididymis, sper- 
matic ducts, and urethra), with secretion of a suitable fluid vehicle for 
sperm (the seminal vesicles, prostate, and bulbourethral glands); and 
with copulation (the penis). The endocrine function of the testis is as 
important as spermatogenesis; groups of interstitial cells are provided 
for this purpose. 

rtsTis 

General simciitrc: Tlie testis has the stnicture of a compound tubular 
gland with about 250 lobules. U has a remarkably heavy capsule of dense 
fibrous connective tissue, called tlie tunica olbuglnea, the deep layer of 
which is vascular (Fig. 253). The testis lies in the scrotum in a small 
peritoneal sac called the tunica vaginalis, which has become separated 
from the abdominal cavity during development 

At the hilus, which is called the mediosHnum testis, the dense fibrous 
connective tissue is thickened. Septa pass through the testis from hilus 
to capsule and incompletely subdivide the organ into lobules. Within 
each lobule, the fibrous connective tissue forms an abundant stroma 
around the seminiferous tubules, carrying blood vessels, lymphatics, and 
nerves and containing endocrine interstitial cells. 

A lobule of the testis contains from one to three extensively convo- 
luted tubules, each of which may be as long as 70 cm. These form loops. 
Branches and anastomoses occur in some of the loops. The two ends of 
each loop join a straight tubule in the mediastinum, and the straight 
tubules ]om a network of thin irregular channels, called the rete testis, 
375 
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likewise in the mediastinum. These empty by about a dozen efferent 
ductules into the head of the epididymis. 

The efferent ductules and the epididymis arc extraordinarily cotno- 
luted tubules over the upper pole of the testis. Toward the lower pole, 
couvolutfous diminish and the epididymis /oins the ductus deferens 
which enters tlie spermatic cord to pass into the abdomen. ductus 
deferens is the excretory duct of the testis, 

efferent 
ductules 

straight 
tubule 

convoluted 

tubule 

lobe of 
testis 


FIGUHE 252. Diagram of the rchtioa between the testiJ, 
epididymis, and ductus deferens ModiBed from Morris* Hu* 
mart Anatomif, J P. Schaeffer, editor, Blatislon, 1947. 

Trepuhertal seminiferous tubules, Tlie appearance of the seminiferous 
tubules is different before and after sexual maturity. At birth and until 
puberty, they appear as solid epithelial cords. They contain only tivo 
types of cells.’ indifferent cells and spermatogonia. The spermatogonia 
are the primary sex cells. Hie cords develop lumens during puberty, and 
this converts them into tubules, lined with stratified epithelium of a sort. 
The subjacent stroma provides a basement membrane for the tubule. 
Interstitial cells are present in the stroma but do not begin to form their 
secretion until stimulated by the anterior hbe of the hypophysis. Tlie 
sex cells increase in number duimg the years of puberty, and the adult 
condition of the tubule epithelium is eventually reached. Figures 253 
and 254 show the prepubertal condition in the monkey. 

Adult seminiferous tubules: The sbmeture of the adult seminiferous 
tubule is complex because its cells are constant])' changing. Like the 




bone marrow, tlie seminiferous cpilbelinm is engaged in mass production 
of free cells. Its products are die sperm. The process by which they are 
made is called spermatogenesis, 

T.;; ■■■■ - '* • "^•Ti 






Figure 253 . TesUs of an immature monkey. The outer wall of the tunica vagi- 
nalis (tc } IS above the cleft at the upper edge of the figiuc; beJenv the cleft is the 
heavy tunica albuginea (ta) wjllj an artery (<») m the lower part of it Seminiferous 
tubules, witli lumens forming, are seen at flie lower part of the figure. Photomicro- 
graph, 150 X 

Not all cells of the tubular epithelium form sperm. Some are suppor- 
tive cells (Sertoli) which have irregular shape. As they tower above the 
basement membrane, they are recognizable in sections by a large vesicu- 
lar nucleus which stands in contrast with the dark nuclei of developing 
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sex cells. Supportive cells are indented from the side by the pressure of 
adjoining spermatogenic cells. 

Tile appearance of seminiferous tubules is show'n in Figs. 255 and 



FIGURE 254 Prepubertal testis of a monlcey The larger, more periph- 
eral nuclei (s/Jg) belong to spermatogonia, others are nuclei of Indiffer- 
ent cells Photomicrograpls, 600 x 


2o6. A variable number of layers of cells is concerned witb spenn forma- 
tion. Nearest the basement membrane are the spermotogonlo. From 
their mitotic division arise other spermatogonia. No other divisions take 
place in the prepubertal testis. Se\eral irregular rows are distinguishable 
in the adult. After many dinsions of this type, primary spermotoeyfes 
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ate formed. Tfiey are larger ceils and lie about midw'ay between the base- 
ment membrane and the lumen. By their divisions, secondary sperma- 



FIGURE 255, Two portions of a seminiferous tubule of a 65-year-old man 
Abbre^atiom are c, connective tissue, s, snpporhve celU, sp. spermatocytes, 
spg, spcrmalogonM, spt, spermatids, spz, sperm Photoiincrograph, 600 X . 


toeytes arise; few are seen in most tubules because they quickly divide 
into spermatids. These small cells are found in several layers near the 
lumen. Hiey have dark nuclei. 

Various stages in die transformation of spermatids into sperm will be 
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sex cells. Supportive cells are indented from the side by the pressure of 
adjoining spermatogenic cells. 

The appearance of seminiferous tubules is shown in Figs. 255 and 



FIGURE 254 Prepubertal tesbs of a monkey. The larger, more periph- 
eral nuclei (spg) belong to spermatogonia, others are nuclei of indiffer- 
ent cells Photomicrograph, 600 X 


256. A variable numbei of layers of cells is concerned with sperm forma- 
tion. Nearest the basement membrane are the spermatogonia. From 
their mitotic division arise other spermatogonia. No other divisions take 
place in the prepubertal testis. Several irregular rows are distinguishable 
in the adult. After many divisions of this type, primary spermatocyte* 
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How they get out of the semimferotis tubules and through the rete testis 
is unknown. Possibly they are flushed along by a fluid transudate from 
the tubule walls.* 

Spcnmiogcncsis: The final mitotic division of spermatogonia produces 
cells that grow into primary spermatocytes during their intennitotic in* 
ter\'al, EacJi has the /nil nwmlw of chromosomes, Tlie number cliarac- 
terizes all body cells of the species. It is 48 in mau. The chromosomes are 
present in pairs. The individuals of 23 pairs are alike, but the pairs vary 
in shape and size. Tlie twenty'fourth pair consists of two odd chromo> 
soines, called X and Y. 

The intermitotic period, between last spermatogonial and first sperma- 
tocylic divisions, is one of growth and preparation for an event that 
Qcairs nowhere else in the body. The pairs of cliromosomcs are pulled 
apart in a special mciollc division of the large prim»iry spermatocyes. 
One member of cacli pair goes to each of the secondary spermato- 
cytes. This applies also to X and Y. Tints, there are tivo )c!iids of sperma- 
tocytes; those witli an X plus 23 ordinary cltromosomes and those with a 
Y plus 23 ordinary chromosomes. 

The secondary spermatocytes undergo another meiotic division In 
which each of the 24 chromosomes splits lengthwise in the manner of 
body-cell chromosomes during mitosis. Thus, four spermatids are formed: 
two from each of the secondary spermatocytes witli reduced number of 
chromosomes. 

No furtlier mciotic divisions take place. The spermatids become trans- 
formed into mature sperm during a remarkable metamorphosis whicli in- 
volves Joss of cytoplasm, attenuation of nucleus^ attd development of a 
long flagellum, or tail. Consult books on embryology or cytology for de- 
tails of this process. 

There are two kinds of sperm in m,an, but you cannot tell them apart 
by inspection. The chromatin of one bears the genes of the X chromo- 
some; that of the other, the Y. All ova are endowed with X chromosomes. 
Fertilization of an ovum by an X-bcan'ng sperm gives rise to a female 
offspring; fertilization by a Y-bcaring sperm, to a male. 

Tliere is never, under normal conditions, a time during which sperma- 
togenesis ceases in man, once it has been started at puberty. However, 
the process of spermatogenesis requires special conditions and cannot be 
carried out withm the .abdominal cavity. Body temperature is too high 
there. During development, the testes with their ducts and blood vessels 
* See Visual Aids, 43. 
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seen in diiFerent tubules. Groups of immature sperm may be found with 
their heads attached to the cytoplasm of supportive cells as though being 



FIGURE 256. Intersbtial cells, int, wedged between portions of a seminifer- 
ous tubule of a 65-year-old man Abbreviations are as in Fig 255 Compare 
the several portions of seminiferous tubules in Figs. 255 and 258 for various 
stages in spermatogenesis. Photomicrograph, 600 X • 

nursed by them. Not every section through a tubule \vill have such 
groups of nearly ready sperm, because spermatogenesis occurs in waves, 
and when one batch has been completed, the sperm quickly leave the 
testis to be stored in the epididymis. Sperm are nonmotile at this time. 
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Interstitial cells: Endocrine function of the testis Appears to be vested 
in tile inlerstiliol cells (Leydig). These are irregniarly polyhedral cells 
occurring iiiclivkliially or in clumps fn tljc stroma bet\vccn seminiferous 
tubules. Tht^- are easily' idontiRed by their size, for they are about 15 to 
20 in diameter, whicli is greater than most other connective-tissue ele- 
ments. Fat is lacking. Lipoid droplets, granules, and certain crystalloid 
bodies are sometimes seen in the fresh state, although you may not ob- 
ser\e tliem. Interstitial cells are shown in Fig. 256- 

Hormones produced are androgens, testosterone being tbe specific 
name gi\'cn to the male se.v hormone. The endocrine secretion of the 
testis greatly influences not only the genital organs but many other or- 
gans and tissues of tlie bod)'. It is specifically concerned witli develop- 
ment and maintenance of secondary sexual characteristics and the sex- 
organs. It is the masculinizing hormone. Endocrine secretion of the testis 
is controlled by the anterior lobe of the h)’popiiysis. 

Straight tuhnies and rate tesiis: Tlie seminiferous tubules cml ubriiptly 
at the mediastinum by joining short slraight tubules, lined with simple 
columnar epithelium. The basement membrane disappears. There Is no 
smooth muscle but only dense connective tissue around them. 

Tlie straigljt tubules enter ^mstomosing channels of simil.ir structure. 
The lining of some of them is low columnar epithelium. An occasional 
cell may show a single fiagellnm extending from its surface. Tliese chan- 
nels form the rete testis, shoivn in Fig. 257. 

Epipwrms 

The efferent ductc/les, a dozen or more m number, enter the head of 
the epididymis. They join it with the rete testii and carry the sperm into 
their storage depot. Some storage may lake place in the efferent ductules 
themselves. Tliey are the first tubules to exliibit secretory characteristics. 
Efferent ductules are convoluted and may be 6 cm. in length. Tliey are 
shown in Pig. 258. 

A basement membrane reappears, and the epithelium is very cliarac- 
temtic. It IS composed of alternating longitudinal strips of low and high 
columnar ceils, with some pseudostratified regions m which a few basal 
cells occur. Low cells may display a flagellum. High cells tend to be 
cffiated. The cilia are active and beat toward the epididymis. Cells dis- 
play Secretory achvit)'. Sperm acquire the capacity for motility in the 
efferent ductules and epididymis. Beneath the basement membrane of 
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descend into the scrotum, where the temperature is 1.5 to 3 deg. 
lower. 

The scrotum is simply a sac of thin skin with extra pigment in the 
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Interstitial cells: Endocrine function of the testis appears to be vested 
in the inferstUlal ceils (Leydig). These are irregularly polyhedral cells 
occurring individually or in clumps in the stroma between seminiferous 
tubules. They are easily identified by their size, for they are about 15 to 
20^ in diameter, which is greater than most other connective-tissue ele- 
ments. Fat is lacking. Lipoid droplets, granules, and certain crj'staUoid 
bodies are sometimes seen in the fresh state, although you may not ob- 
serve them. Interstitial cells are shown in Fig. 256. 

Hormones produced arc androgens, testosterone being the specific 
name given to the male sex hormone. The endocrine secretion of the 
testis greatly influences not only the genital organs but man)' other or- 
gans and tissues of the body. It is specifically concerned witii develop- 
ment and maintenance of secondaiy sexual characteristics and the se-x 
organs. It is the masculinizing hormone. Endoerme secretion of the testis 
is controlled by tlic anterior lobe of the hypophysis. 

Straight tuhules and rete testis: Tlie seminiferous tubules end abruptly 
at the mediastinum by joiaing short siroight tubules, lined with simple 
columnar epithelium. Tltc basement membrane disappears. There is no 
smooth muscle but only dense connective tissue around (hem. 

The straight tubules enter anastomosing channels of similar structure. 
The lining of some of them is low columnar epithelium, An occasional 
cell may show a single flagellum e.xtcnding from its surface. TJiese chan- 
nels form the rete testis, shown in Fig. 257. 

EPIDIDYMIS 

The efferent ductules, a dozen or more in number, enter the head of 
the epididymis. They join it with the rete testis and carry the sperm into 
their storage depot. Some storage may take place in tlie efierent ductules 
themselves. They are the first tubules to exhibit secretory characteristics. 
Efferent ductules are convoluted and may be 6 cm. m length. They are 
shown in Fig 25S. 

A basement membrane reappears, and the epithelium is \'ery charac- 
teristic, It is composed of alternating longitudinal strips of low and high 
columnar cells, with some pseudostratified regions in which a few basal 
cells occur. Low cells may display a flagellum. High cells tend to be 
ciliated. The cilia are active and beat tmvard the epididymis. Cells dis- 
play secretory activity. Sperm acquire the capacity for motility’ in the 
efferent ductules and epididymis. Beneath the basement membrane of 
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descend into tlie scrotum, where the temperature is 15 to 3 deg. 
lower. 

The scrotum is simply a sac of thin skin witli extra pigment in the 
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deferens at the lower pole of the testis. It is lined by tall pseiidostratificd 
epithelium displaying two rows of nuclei. On the surface are extensions 
of the intercellular cement substance which have been described and 
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the efferent ductules arc a few smooth-muscle cells forming a thin circu- 
lar layer in the lamina propria, which is more prominent toward the 
epididymis. 
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normally proceed through the excretory ducts. Between emissions, sperm 
that find their way much beyond the epididymis die in the ductus def- 
erens. 

SEMINAL DUCTS 


The sperm-transporting ducts are the ductus defeiens, ejaculatory 
ducts, and urethra. They are not primarily concerned with secretion, al- 
though that function is not excluded. 



figure 2G1A Cavernous urethra; the lumen with branching lacunae is surrounded 
y erectile hssue in whicli is embedded a urethral gland. Photomicrograph, 40 X. 


Ductus deferens: The epididymis gradually changes m structure at the 
lower pole of the testis where it turns upward to become the ductus 
deferens. Convolutions diminish and muscle increases. Its epithelium 
changes from pseudostratified to tali simple columnar. Toward the ejacu- 
latory duct, it may become stratified. The lumen is wider than that of 
t e epididymis and widens even more at the lower end to form the am- 
pulla. The epithelium is thrown into longitudinal folds and has a little 
connective tissue beneath it, forming a lamina propria and basement 
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pictured by histologists as uonmotUe cilia (Fig. 25), Beneath the epi- 
tlielium are a basement membrane and a lamina propria containing a very 



FIGURE 260. Human ductus tlcferens Note the stereocUia on the surface of the 
epithelium; also note 1. inner longitudinal muscle bundles, 2, tluck circular muscle 
layer, and 3, outer longitudinal muscle rhotonucrograph, 150 X. 


thin layer of circular smooth muscle. During ejaculation, 200 million or 
more of the stored sperm are forced out of the epididymis into the ductus 
deferens by action of this smooth muscle. Only at this time do sperm 
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cessed, and it is lined with simple coltimimr or psendostratified epithe- 
lium, becoming transitional at the urethral end. Muscular layers are 
absent, and the wall is made up of dense fibrous connective tissue in the 
stroma of the prostate gland TIic two ejaculatory ducts run for about 
1.5 or 2 cm., con^’ergfng tou’ard tlie urethra wlierc they open by extraor- 
dinarily minute pores (Fig. 262). 


figure 262. Colliculus seminalis in the human prostatic urethra The crescentic 
cleft IS the lumen of the urethra; the two fenestrated areas in the colliculus are the 
ejaculatory ducts, one of which is seen opening into the urethra on the right. The 
blind end of the utriculus prostaticus may be seen at u. Photomicrograph, 35 X . 

Urethra- The only part of the male urethra corresponding to that of 
the female (page 372) lies between the bladder and the openings of the 
ejaculatory ducts. The structure of diis part is the same in both sexes. 
"Hie rest of the male urethra is a duct for transporting semen as well as 


i are three parts of the male urethra: prostatIc, membranous, and 
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membrane. The rest of tlie wall is principally smooth muscle arranged 
in inner and outer longUiidinal layers with a circular layer in bebveen. 
The ductus deferens is illustrated in Fig. 260. 

Surrounding the ductus deferens is a great deal of areolar connecthe 
tissue containing lymphatics, an extensive venous plexus, the spermaUe 



FIGURE 201B. Cavernous urethra; a detail from the left end of 28IA. Photonucro- 
graph, 150 X . 


artery, nerves, and bundles of skeletal muscle (cremaster). The pampini- 
form veins have unusually tliick walls with longitudinal and circular 
smooth muscle All these structures comprise the spermatic cord, which 
traverses the abdominal wall via tlie inguinal canal. 

The ampulJo of the ductus deferens is a dilation, in which the longi- 
tudinal folds of mucosa are exaggerated and intervening depressions 
form deep valleys as well as diverticula. Some of the lining epithelium 
appears to be secretory. The muscular layers are irregularly arranged. 

Ejactilatonj duefs: The ampulla of the ductus deferens and the short 
duct of the seminal vesicle unite to form the ejaculatory duct. Tlie mu- 
cous membrane resembles that of the ampulla. It is thin, folded, and re* 
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the prostate gland (Fig. 262). Tlic ejaculatory ducts likewise traverse 
it. Tlie prostate is really a mass of fibrous and muscular tissue in which 



FIGURE 2G3. Human seminal vesicle. Photomicrograph, 150 X 


30 to 50 small compound tubulo-acinous serous glands are embedded 
(Fig. 264). These glands vary greatly in form and size. Lumens are 
^rge and irregular in the acini— which are so dilated as more properly 
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cavernous. Near the bladder the epithelium is transitional Near the ex- 
ternal oriGce, where there is a dilation called the fossa naviculoris, it is 
stratified squamous. Elsewhere* throughout most of the length of the 
urethra, the mucous membrane has pseudostratified epithelium. Patches 
of stratified squamous epithelium are commonly present Mucous cells, 
found in this epithelium, form small glandular pouches or lacunae in 
some places. Into these lacunae open the mucous urethral glands 
(Littre). 

Muscle is present in the prostatic and membranous parts of the urethra 
as inner longitudinal and outer circular layers. Longitudinal fibers con- 
tinue into the proximal part of the cavernous uretlira. Fibrous connective 
tissue forms a lamina propria containing capillaries and venules. It is 
rich in elastic fibers. 

A prominent dorsal longitudinal fold of mucosa in the prostatic luethra 
mounts an elevation known as the colliculus seminolis, on which the 
pore-like openings of the ejaculatory ducts appear. At the ^middle of the 
colliculus there is a little blind pocket, tlie utrlculus prostaticus/ which is 
homologous \vith the vagina in llie female (Fig. 262). 

SEMINAL GLANDS 

Three groups of glands which contribute ingredients of the semen are 
seminal vesicles, prostate gland, and bulbourethral glands. The first two 
are of greatest importance in providing an alkaline buffer solution to 
neutralize acid vaginal secretions and enchance sperm activity. 

Seminal vesicles. The structure of the seminal vesicle is similar to that 
of the ampulla of the ductus deferens (Fig. 263). It is an inegulatly 
coiled saccular appendage of the ductus deferens. The epithelium is ex- 
tensively folded, and numerous crypts are formed. Cells of the epitheluitn 
are columnar and mainly pseudostratified, containing yellowish lipO' 
chrome pigment after pviberty. They secrete a yellow viscovrs fluid. 

In and beneath the folds of epithelium is loose fibrous connective tissue 
forming a lamina propria. Muscular coats are very thin, mainly circular. 
An outer layer of connective tissue, blending with that of the bladder, 
may contain small autonomic ganglia. 

The presence of sperm in the lumen of the seminal vesicles is no proof 
that they are stored in this gland. It is probable that their appearance 
there after death is artifactual 

Prostate gland: Surrounding the urethra at the neck of the bladder is 



HGURE 265. Lamin;v albuginea {above) and a portion oC the adjacent corpus 
cavernosum penis, aduJt liuman Tlie ca\errMjus vascular channels are partly filled 
with darkly staining blood PhoiiMnitTogr^h, 35 X 

g^and Tljese occur in layers or bimdles, but also singly Nerve fibers, 
blood vessels, and lymphatics traverse the stroma Smaii ganglia of auto- 
nomic nerve cells may be found. The whole organ is encapsulated by 
fibrous connective tissue containing smooth muscle. 

Bulbourethral glands: Two scn:dl compound tubulo-acinous, mucous, 
bulbourethral glands (Cosvper) pour dieir secretion into the beginning 
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to be called alveoli— and small in the tubular portions. Numerous ducts 
open into tlie urethra. The epithelium is simple columnar, varj'ing in 
height 



SEMINAL GLANDS 

concretions are formed in die prostatic secretion, which is an alkaline 
fluid of thin consistency imparting the specific odor to the semen. 

The prostatic stroma contains smooth-muscle fibers throughout the 



FIGURE 265 Lamina albuginea (above) and a portion of the adjacent corpus 
cavernosum penis, adult human The cavernous vascular channels are partly filled 
with darkly staining blood Photomicrograph, 35 X • 


gland. These occur in layers or bundles, but also singly. Nerve fibers, 
blood vessels, and lymphatics traverse the stroma. Small ganglia of auto- 
nomic nerve cells may be found. The whole organ is encapsulated by 
fibrous connective tissue containing smooth muscle. 

Bulbourethral glands: Two small compound tubulo-acinous, mucous, 
bulbourethral glands (Cowper) pour their secretion into the beginning 
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of the ca\’ernous uretljra by short ducts. They Jie on cither side of the 
membranous urethra. 



FIGURE S60 Arteries ot the odult penis surrounded by cavemous spaces 
containing d.irJrb’ stajneef Wood Note the lieavy intima with the lumen al- 
most occluded Fhotojnicrograpb, J50 X. 


PENIS 

The essential parts of the copulatory organ arc three cavernoos bodies 
and the urethra. Tiie rest of the penis is composed of fibrous connectiv'e 
tissue and skin. A bone is present m some animals to supplement an in- 
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adequate vascular erectile mechanism. Tlie penis lacks fat cells and is 
well supplied with alfcrent nerve endings. 

The corpora cavernosa penis are the two principal erectile bodies. Sur* 
rounded by a double layer of dense fibrous connective tissue, the lamina 
elfauginea, tliey are incompletely separated from each other by a septum 
of this same connective tissue. Figure 265 illustrates the lamina and ad- 
jacent erectile tissue, 

Tlie corpus cavernosum urethrae is a similar erectile mass surrounding 
the urethra (Fig. 261). It begins as a bulbous enlargement at the mem- 
branous urethra, has a narrow shaft, and spreads out at the end of the 
penis to form a cap, the glans, which is covered with a thin skin. 

The corpora cavernosa are supplied by very peculiar tortuous arteries 
which ha\’e bands of longitudinal smootli muscle bulging into the lumen 
(Fig. 266). Most of the time, the circular smooth muscle is contracted, 
and the pads formed by the longitudmal mvrsclc block the artwial lumen, 
Vasodilation of the coiled arteries, initiated by the nervous system, brings 
about erection. The veins draining the cavernous bodies have valves that 
tend to retard blood flow. The intervening channels arc mere endothe- 
lium-lined clefts in the flaccid penis (Fig. 265) However, during erection, 
these fill with blood under arterial pressure and stilTen the cavernous 
bodies agaiiwt the surrounding lamina albuginea. After ejaculation, vaso- 
dilation is inhibited, the arterial muscle resumes its tonus, blood no longer 
engorges the cavernous spaces, and flaccidity is resumed. 
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Female Reproductory Orgaiis 


Xhe female reproductory organs are the ovaries, in which egg cells and 
sex hormones are formed; and the uterine tubes, uterus, and vagina, which 
are for the reception and transportation of ovum and sperm. The uterus 
displays cyclical changes correlated with endocrine activity of the ovary. 
Each month, during the childbearing period, it prepares itself for im- 
plantation of the fertilized ovum. It exhibits remarkable adaptability in 
accommodating the growing fetus during pregnancy. 

Female external genital organs are homologous with those of the male 
and exhibit no new structural feature of consequence. The mammary 
gland is an important accessory organ of reproduction. It will be con- 
sidered in Chap. 25. 

OVARY 

The ovary is a little smaller and flatter than the male gonad. It lies 
within the peritoneal cavity, attached by a fold of peritoneum, the meso- 
varium, to the broad ligament of the uterus. It has no intrinsic duct nor 
tubules like the testis and consequently lacks a glandular appearance, 
even though it has endocrine functions. Figure 267 illustrates the appear- 
ance of the ovary in cross section. 

Ovarian epithelium: The epithelium on the surface of the ovary is con- 
tinuous with the mesothelium of the peritoneal cavity, but it is low col- 
umnar instead of squamous It is the germinal epithelium from which 
arise all the ova. 

Ovarian stroma: A layer of dense fibrous connective tissue forms a col- 
lagenous capsule, the tunica albuginea, just beneath the germinal epi- 
thelium. The mesovarium, or mesentery of the ovary, attaches to the 
hilus, and its looser connective tissue carries blood vessels, lymphatics. 
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FIGURE 207. Hunwn ov^ny daring puberty. The corte'c is full of primary 
follicles which ore invisible at this lo»v magnifitatJO”- Several stages in 
atresia of prematurely developed follicles can be seen. Specimen m the 
Piersol collection, carmine stain See Picrsot's Iltsiology, 14th ed.. 

Fig 303. Lippmcott, 1929. Photomicrograph. 5 X. 

and nerves into the hilus to form a central portion, the medulla of the 
ovary. Some smooth-muscle fibers are present in the medulla. 

Peripherally, the stroma of the ovarian cortex exhibits an unusually 
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sn reticular fibers iu the cortical stroma, elastic fibers are scarce. The 
spin ie-shaped cells resemble smootli-mwscle fibers, but they lack fibrils 
in i icir cytoplasm and are not contractile. They are special” connective- 
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tissue elements, and some of them become the thecal cells around the 
ovarian follicles as the latter enlarge. Their appearance is illustrated in 
Figs. 268 and 269. 



FIGURE 270. Diagram of the formation and maturation of a Graafian follicle: bud- 
ding cell group from germinal epithelium of embrj'onic ovary, A, pnmary follicle, B, 
growing follicle, C; early stage m formation of a \'esicular follicle, D; maturing fol- 
licle, E. 

Prepubertal ovary: The size and appearance of the ovary varies with 
age. At birth, it is small and contains only oocytes derived from the ger- 
minal epithelium during prenatal life. You should consult an embryology 
textbook for a description of this process. In the embryo, clusters of cells 
bud off from tlie epithelium and become buried in the stroma. These are 
primordia of o'ogonia and follicular cells. After further mitotic division, 
one cell in each cluster enlarges and becomes an oocyte. Tlie rest form 
small flat follicular cells around it. The cortex of an infant’s ovary is 
shown in Fig. 268. 

At birth there may be as many as a half million of these primary folli- 
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cles in tlie two ovaries. Only about 400 will reach maturity and ovulate. 
Tile rest of the odC)’tes degcncntlc, the follicles undergoing ofresla' at 
various stages in their de\’clopmcnl. Atresia fakes place before as well 
as after puberty. Compare the cortex of the infant s ovary with that of a 
W-year-old girl (Fig. 269). Since the ovary grows in size as the number 
of follicles declines, sections through it will display fewer follicles at the 
time of puberty tlian at an earlier tiine. 

The prepubertal ovary has the characteristic cellular stroma. Its cor- 
tex contains primary follicles, all measuring about 40 ^ in diameter; the 
oocyte in each is about 20 /t in diameter. Rarely does any one of the 
primary follicles of the prepubertal ovary’ xindergo significant growth in 
size. Tlxc prepubertal ovary has no endocrirro function. 

Prime postpuhcrtal ovanj: During the years after puberty, throughout 
the childbearing period and until the menopause is reached, the ovary 
undergoes cyclical changes that alter its structure markedly. The changes 
to be considered are follicular growth, follicular atresia, ovulation, forma- 
tion of corpora lutca, regression of corpora lulca, and the scar formation 
that follows, The ovary changes from a smooth pink body to a Nvrmkled 
p'ayish mass during the childbearing period. 

folliruJar growth begins with puberty, and both are initiated by the 
Anterior lobe of the hypophysis wjiich starts to secrete gonadotropic lior- 
mones. After ten to fourteen years of intermitotic rest, some of the oocytes 
of the primary follicles enlarge, and their peripheral follicular cells pro- 
liferate to form a stratified layer (Fig. 270). The surrounding connec- 
tive-tissue cells form a cellular capsule, the theca. As the follicular cells 
build up a thick layer, follicular fluid begins to accumulate in a small 
cavity among them. This cavity is destined to enlarge, as the whole fol- 
licle grows, and the follicular fluid increases in amount. 

A primary follicle thus becomes a vesicular follicle (Graaf). The 
oocyte is then seen in a clump of follicular cells, the cumulus oophorus, 
on one side of tlxe relatively huge cavity lined with stratified follicular 
epithelium. The lining is called t^ membrana granulosa, A thick base- 
ment membrane separates this epithelium from the theca, formed by 
encapsulating connective-tissue cells Tbe tlieca of a mature foUicle has 
two layers: the internal theca is vascular; the external theca, fibrous. The 
tnaiviting vesicular follicle, commonly called Graafian follicle, is illus- 
lyated in Fig. 271. 

The oocyte has a diameter of 0 1 to 0 15 mm just before ovulation. 

Here the term atresia signifies an ab(»Uve phenomenon in whicli the follicle dies and 

degenerates. 
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FIGURE 271. Graafian follicle in a cat’s PHotomicrograpb, 150 X» 


Yolk granules are found in its cj’toplasm. The follicle cells are separated 
from the oocyte by a thick homogeneous membrane callecl the zona pel* 
(uclda. 

Many stages in the development of foiheies can be found in serial 
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sections of the ovary of a yo\»ng ^\*oman. However, toward the end of 
the childbearing period, sections of the o>'ary will display few, indeed. 
If you confine your study to ovaries of laboratory animals, sucli as the 
cat, you are apt to fonu a inisconccption of the number of folltcles pres- 
ent in tlje human, because their ovaries arc fillcil with oocytes, wliercas 
these cells are scattered in the adult lutmati ovary. 

When the vesicular follicle reaches its greatest magnitude, it measures 
10 to 12 mm, in diameter. No longer is it buried deeply in the' ovarian 
stroma; it now encroaches upon the surface epithelium. Tlie tunica al- 
buginea becomes tliiu and avascular at one point, which is called the 
stigma, Tliero, rupture of the follicle will take place. Additional spaces 
form among the follicular cells of the cumulus oophorus, and the oocyte 
with an encapsulating layer of follicular cells is loosened from the mem- 
brana granulosa. Tlic surrounding follicular cells look like a radiating 
crown, when viewed through a microscope, and are called the corona 
radiato. 

Ovulation takes place when pressure of follicular fluid has built up and 
the stigma become thin enough for the rupture point to be reached. Tlds 
occurs at about the middle of the menstrual cycle; the time is vTiriablc 
by several days each way. The follicular fluid oozes from the opening. 
This causes the dislodged ovum, surrounded by corona radiata, to be 
washed out into the abdominal cavity,* 

Ovulation releases one ovum, as a rule, although two follicles may 
ovTilate on occasion. The two ovaries usually alternate at intervals of 
approximately twenty-eight days. The liberated ovaim finds itself m close 
pro.ximity to fimbria of one uterine tube and immediately enters the 
tube. There, fertilization can take place. 

A mature ovum, like a sperm, has half the somatic number of chromo- 
somes. The oogenic are formed in the fetus by repeated divisions of 
primordial germinal cells. At the time of birth, all are undergoing the 
infermitotic growth that cliaracterizcs them as oocytes ’ After puberty, 
pnmory oocytes one by one undergo a nteiotic division which reduces 
the number of chromosomes by separating the pairs. Unlike the first 
lueiotio division in the male gonad, tvxxi secondary o'dcytos are not 
formed. The cytoplasmic division is uneven, resulting in one secondary 
• See V«ua{ Aids, 44. 

IS possible that oogonia are formed fnan new ingrowths of germinal epithelial 
s a ter hirth Some investigators believe that all the original oogonia of the fetus 
thf degenerate and that all ova that are formed in the adult anse from 

s new development from the germinal epithebtun 
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FIGURE 272. A, human ovary sho%ving vesicular follicles undergoing atresia; B, 
corpus luteum of menstruation in a human ovary. Pliotomicrographs, 6 X . 


oocyte and one diminutive cell called a polar body. Similarly, the mei* 
otic division of the secondary oocyte leads to formation of one ovorrt 
and a second polar body. Tlie first polar body does not bother to divide 
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FIGURE 272. A, Kuman ovary showing vesicular follicles undergoing atresia; S, 
corpus luteum of menstruation in a human ovary. Photomicrographs, 6 X . 


oocyte and one diminutive cell called a polar body. Similarly, the mei- 
otic division of the secondary oocyte leads to formation of one ovum 
and a second polar body. Tlte Brst polar body does not bother to divide 
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FIGURE 273. Adult human ovary showing degeneration of a corpus luteum 
of menstruation with many d.aikly stained blood vessels around it, a large 
corpus albicans and seseral older smaller ones are shown. Compare witii 
Figs 267 and 272 Photomicrograph, 6 X. 

in most species of animals. Polar bodies degenerate. Exact times of 
polar body formation are unknosvn in man. Probably the first division 
occurs in the ovary and the second division after ovailation, as it does in 
some other species of animals. 
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Atresia is the fate of most oocytes. Primary follicles degenerate and 
disappear completely. After a follicle has begun to grow, atresia is fob 
lowed by the formation of a scar in the ovarian stroma. The more ad- 
vanced in development, the greater the size of the scar. Oocyte and 
follicular cells undergo physiological degeneration. The zona pellucida 
becomes folded and may remain visible for some time. 

Nearly matured follicles undergoing atresia display other changes. 
The degenerating membrana granulosa is replaced by loose fibrous con- 
nective tissue, even before the zona pellucida has disappeared. The cells 
of the internal theca at first become swollen, are filled wth lipoid drop- 
lets, and are arranged in cords or radial strands, resembling the theca 
lutein cells of tlie corpus luteum. The thick basement membrane of the 
membrana granulosa persists. Corpora atretica in various stages of de- 
velopment and decline may be found in most sections of the ovar)'. 

A corpus luteum results from transformation of the ruptured mature 
follicle (Fig. 272). A potent hormone from the anterior lobe of the hy- 
pophysis is responsible for this. The wall of the follicle collapses and be- 
comes folded after omlation. The follicular cells change their appearance 
by enlarging greatly and arranging themselves in cords. Tlie cells stain 
more lightly, and their c)'toplasm gradually develops lipoclirome gran- 
ules tliat impart a pale-yellowish color to the fresh corpus luteum. 

Vascularity of the corpus luteum is provided by the internal theca. 
Cells of this layer likewise enlarge and form masses in the recesses be- 
tween the folds of the transformed follicular cells. Two types of lutein 
cells are present; the granulosa iulein cells and the theca lutein cells. 

The corpus luteum of menstruation is a transient structure which be- 
gins involution t>vo weeks after ovulation has occurred. Its lutein cells 
undergo fatty degeneration and are replaced by connective tissue of the 
loose variety. Several weeks later the site is marked by a small scar called 
a corpus albicans (Fig. 273), 

The corpus luteum of pregnancy differs from that of menstruation in 
size and duration. It may be 2 to 3 cm. in diameter and produces a 
marked bulging on the surface of the ovary. Indeed, it is an endocrine 
gland of considerable magnitude. It does not begin involution until 
about the fifth or sixth month of gestation. 

The endocrine function of the ovary is served by the follicular cells as 
well as the corpus luteum. Tlie secretion of the follicular cells stimulates 
development of the genital organs and secondary sexual characteristics 
when it is first formed at the time of puberty. The follicular hormone, 



n] 






figure 274. Corpus lutejtm; a detail from Hie specimen shoivn in Fig 272B. Ab- 
breviaUons are st, stroma, th. tlieca lutein cells; gr, granulosa lutein cells. Pliolo- 
micrograph, 150 X. 

estrone, is produced under influence of the hypophysis. It is produced in 
quantity and excreted in the urine. As estrone increases with the growth 
of the follicle, it causes the hypophysis to reduce production of its foUku- 
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Atresfa is the fate of most oocytes. Primaiy follicles degenerate and 
disappear completely. After a follicle has begun to grow, atresia is fob 
lowed by the formation of a scar in the ov’arian stroma. The more ad- 
vanced in development, tiie ^ealcr tlie size of the scar. Oocyte and 
follicnkr cells undergo pliysiological degeneration. The zona pellucida 
becomes folded and may remain visible for some time. 

Nearly matured follicles undergoing atresia display other changes. 
The degenerating meinbrarja ^anulosa is replaced by loose fibrous con- 
nective tissue, even before the zona pellucida has disappeared. The cells 
of the internal theca at first become swollen, are filled with lipoid drop- 
lets, and are arranged in cords or radial strands, resembling the theca 
lutein cells of die corpus luteum. The thick basement membrane of the 
membrana granulosa persists. Corpora alrefico in ^'a^ious stages of de- 
velopment and decline may be found in most sections of the ovary. 

A corpus luteum results from transformation of the ruptured mature 
follicle (Fig. 272). A potent hormone from the anterior lobe of the hy- 
pophysis is responsible for this. Tlic 'vall of the follicle collapses and be- 
comes folded after ovoilation. The follicular cells change their appearance 
by enlarging greatly and arranging themselves in cords. Tlie cells stain 
more lightly, and ^eir ^^^toplasm gradually develops lipochrome gran- 
ules that impart a pale-yellowish color to the fresh corpus luteum. 

Vascxiiarity of the corpvts luteum is provided by tlie internal theca. 
Cells of this layer likewise enlarge and form masses in the recesses be- 
tween the folds of the transformed follicular cells. Two types of lutein 
cells are present, the granulosa lutein cells and Uie theca lutein cells. 

The corpus luteum of menstruation is a transient structure which be- 
gins involution two weeks after ovulation has occurred. Its lutein cells 
undergo fatty degeneration and are replaced by connective tissue of the 
loose variety. Several weeks later the silo is marked by a small scar called 
a corpus albicans (Fig. 273). 

The corpus luteum of pregnancy differs from that of menstruation in 
size and duration. It may be 2 to 3 cm. in diameter and produces a 
marked bulging on tlie surface of the ovary. Indeed, it is an endocrine 
gland of considerable magnitude. It does not begin involution until 
about the fifth or si.’ith month of gestation. 

The endocrine function of tJjc ovary is served by the follicular cells as 
well as the corpus luteum. The secretion of the follicular cells stimulates 
development of the genital organs and secondary se.vual characteristics 
when it is first formed at the time of nubertv. The follicular hormone, 
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lar stimulating substance. A luteinizing fraction from the hypophysis 
then dominates. This brings about transformation of tlie granulosa cells 
to lutein cells after ovulation. 

The hormone produced by the corpus luteum is progesterone. Its se- 
cretion overlaps that of estrone. Progesterone prepares the uterine mu- 
cosa for implantation of a fertilized egg. Its production is brief unless 
fertilization takes place. The suprarenal cortex and the placenta are other 
sources of progesterone. 



FIGURE 275. Human uterine tube; ampulla. Photomicrograph, 35 X . 


Postmeiwpatisal ovary: Cyclical production of ova continues for thirty 
or forty years before it gradually subsides and is followed by the meno- 
pause. Ovarian hormones are no longer formed when this occurs, but the 
hypophysis goes on producing its follicular stimulating hormone in in- 
creased amounts. The ovary at this time has become a wrinkled fibrous 
body containing scars but no follicles. Tlie typical ovarian stroma is 
abundant. 

UTERINE TUBE 

Each uterine tube (Fallopius) is about 15 cm. long and 10 mm. in di- 
ameter, has a free end near the ovary, and buries itself in the upper end 
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of the utenis. Structural ap^rearance varies according to distance away 
from tile uterus. Three general regions are recognized in the uterine tube. 
A narrow isthmus forms tlio medial one-third, .1 widening makes up tlie 
outer two-thirds, and a dilated funnel opening surrounded by fingcr-Iike 
profections imparts the name infundibuium to the fimbriated end. Like 
most tubular organs, the uterine tube has tuinc.a nnicosac, tunica nnis- 
cufaris, and tunica serosa, but it lacks a true submucosa and there is no 
muscuiaris mucosae. 



figure 276. Human uSerine tube; islbmus. Photomicrograph, 33 X • 


mucous membrane of the uterine tube lias a Jamma propria com- 
posed of rather cellular and vascular fibrous connectiv’e tissue upon 
ich a simple columnar epithelial lining is placed. It is Ihghly and ir- 
regularly folded. In the ampulla, the folding is much exaggerated and 
becomes complex (Fig. 275). In tlie isthmus, the folding is less marked 
276). 

^he epithelium are of two ^es. Some of them are ciliated 
23). The nonciiiated cells are seoretory and may provide the ovum 
a fluid vehicle for its passage down the tube. Tlie cilia beat toward 
^ uterus and supplement muscular contraction of the uterine tube as 
means of transporting the fertilized ovum. Sperm ascend the uterine 
^ against this ciliary stream. The height of tlie epitljelium of the tubu- 



FEAULE REPRODUCTOay QRCAXS 
lop Stimulating substance. A {uteinizing fraction from the hypophysis 
tJien dominates. Tills brings about transformation of the granulosa cells 
to lutein cells after ovulation. 

Tile hormone produced by the corpus luteuin is progesterone. Its se- 
cretion overlaps that of estrone. Progesterone prepares the uterine mu- 
cosa for implantation of a fertilized egg. Its production is brief unless 
fertilization takes place. The suprarenal cortex and the placenta are other 
sources of progesterone. 



FIGURE 273 Human uterine tube; ampulla. Photomicrograph, 35 X. 


Postmenopausal ovary: Cyclical production of ov'a continues for thirty 
or forty years before it gradually subsides and is followed by die meno' 
pouse. Ovarian hormones are no longer formed when this occurs, but the 
hypophysis goes on producing its follicular stimulating hormone in in- 
creased amounts. Tlie ovary at this time has become a wrinkled fibrous 
body containing scars but no follicles. Tlie typical ox'arian stroma is 
abundant, 

UTERINE TUBE 

Each uterine tube (Fallopius) is about IS cm. long and 10 mm. in di- 
ameter, has a free end near the ovary, and buries itself in the upper end 
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lar mucosa changes cyclically in response to tlie ovarian hormones, along 
with that of the uterus. jMthough the complicated mucosal foldings sug- 
gest a glandular structure, no glands are present in the uterine tube, 
Tlie tunica muscularis consists of two layers; a thin outer longitudinal 
and a thicker inner circular or spiral layer. Tliey are not sharply delim- 
ited from eacli otlier. The muscular layers are thickest at the uterine end 
of tile isthmus. 


VTERUS 

The uterus is a thick tubular organ representing the fused lower part 
of two embryonal ducts from which tlie uterine tubes arise. Its basic 
structure-mucosa, muscularis, and serosa— resembles that of die uterine 
tubes. Tlie epithelium of tlie uterus is similar. Otliervvise, the uterus is 
quite unlike other tubular organs, and especially so during the postpu- 
bertal years of active ovarian function, when profound cyclical varia- 
tions in uterine structure are tlie rule. 

Two portions of tlic uterus differ markedly. The cervix or lower end, 
including the part projecting into the vagina, maintains a fairly con- 
stant structure. Tlie rest of Uie organ, made up of isthmus and body (in- 
cluding fundus), exhibits maximal variations during menstrual as well 
as pregnancy cycles. 

Prepubertal uterus: At birtli, Uie uterus is larger in relation to the 
entire body than it is in the adult. It immediately undergoes a size reduc- 
tion correlated with withdrawal of the influence of the mother's estro- 
genic hormones. Thcncefortli until puberty, the uterus remains un- 
changed. Cervix and body arc approximately of equal length. 

The prepubertal uterus has a thick muscular coat covered with peri- 
toneum where it lies in the pelvic cavity. It is lined with a rather highly 
cellular lamina propria and a simple columnar surface epithelium. Sim- 
ple tubular glands project from it down into tlie connective tissue of the 
lamina propria. The uterine lumen is small. Figure 277B illustrates tlic 
structure of the uterus in childhood. 

Postpuhertal uterus: With the onset of estrone and progesterone secre- 
tion at puberty, tlie uterus as well as otlier reproductory organs undergo 
hyperfrophy. Tlie uterus begins to display its characteristic structural 
changes at irregular inten’als of approximately twenty-eight days.* These 
cyclical changes continue until the menopause. 

•* The IcngLh of the menstrual c> clc may vary wj<lely from the traditional period of 
twenty-eight daj's under normal condibons Thfe i$ eipecialJy true during die early 
years after puberty. 
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endometrial stroma. The ends of tliese glands lie in the basal portion of 
the endoinetrium and are forked and slighUy coii\o)uted. Secretion of a 
Ihm iluid substance is sparse. The endometrial stroma contains im coiled 
arteries in its outer portion during this plrasc. Only capillaries aie present 
there. Figure 2786 shosvs tire endometrium in the proliferative phase. 

The progravld phase, from approximately the fifteenth to the twenty- 
eighth day, corresponds to the period of corpus luteum development and 
progesterone secretion in the ovary. The endometrium more than doubles 
in thickness, rcadiing 4 or even 5 mm. by the end of tins phase Not only 
is it thickened; it becomes edematous and full of long dilated and tor- 
tuous uterine glands. Their abundant secretion contains glycogen. Coiled 
arteries make their appearance in the outer layer of the endometrium. 
The stroma between glands in the deep spongy portion is relatively rC' 
duced. Near tlie surface of the endometrium, the stroma is more com- 
pact. Figure 279 shows the uterus late in die progr.ivid phase. 

Tile endometrium is ready to receive a fertilized ovum at the end of 
the progravid phase. Should fertilization and implantation take place, 
the progravid phase becomes a grovid phase and the endometrium con- 
tinues its development In the absence of an implanting ovum, the corpus 
luteum begins to undergo mvolution. Tliis is the signal to break down 
the receptive endometrium and start all over again. 

A significant change in vascularity of the euclometnum occurs a day 
or so before the beginning of the menstrua! flow. Intermittently, con- 
traction of muscle in the coiled arteries deprives the outer zone of the 
endometrium of blood and oxygen This renders the superflcial part 
ischemic for periods of time that gradually lengthen. These ischemic inter- 
vals initiate destruction of the outer part of the endometrium. Lympho- 
cytes invade the stroma in numbers 
The menstruoi phase occupies the first tlirce or four days of bleeding, 
Figure 278A illustrates the second- or third-day endometrium. /Vs the 
progesterone stimulus declines, with the beginning of corpus luteum in- 
volution, walls of capillaries and some of the coiled arteries give way. 
Bleeding then takes place into the stroma of the superficial layer of the 
endometrium. Pieces of tlie superficial layer are split off by lakes of this 
blood. They fear away and open other vascular channels. 

Contraction of the musculature of tlie coiled arteries, which produces 
the ischemia, likewise prevents excessive hemorrhage. No more than 
35 cc of blood is lost, as a rule. The blood oozes. It does not spurt. It 
clots, and the clot is liquefied by a proteolytic enzyme. The menstruum 
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The two main layers of the wall of the uterine body and isthmus are 
known as endometrium and myometriunr. The endometrium is the mu- 
cous membrane. Its changes are more pronounced than those of the 
smooth muscle of the myonietrium. Compare Figs 277A and C. 

Tlje endometrium is lined ivith simple columnar epithelium contain- 
ing groups of ciliated cells here and there. The cilia beat toward the 
vagina. Most of the nonciliated cells are secretory. Simple or slightly 
branched tubular uterine glands extend down tlirough tlie endometrium 
toward the myometrium. They arc embedded in a thick vascular and 
highly cellular lamina propria, Icno^vn as tlie endomefrio} stroma. 

Tlie blood vessels in the endometrial stroma are important and have 
certain features worth noting. Arteries enter the basal portion of the 
endometrium and spray or fan out into tlie stroma, giving rise to arteri- 
oles and a very rich network of capillaries. The arterioles that pass to- 
ward the surface are convoluted and are sometimes spoken of as coiled 
arteries. Tliey have an unusual structure. Bands of longitudinal smooth 
muscle lie beneath the tunica intima along one side of their lumen. Con- 
traction of this longitudinal muscle bends them and can retard blood 
flow, 

Basally, other tufts of arterioles and networks of capillaries supply 
that portion of the endometrium which undergoes the least modifica- 
tion during the menstrual cycle. 

Changes in the endometrium during the menstrual cycle may be con- 
sidered in four phases. These phases are purely arbitrary, and some his- 
tologists prefer other classifications. 

Tl^e proliferallve phase corresponds to tlie period of follicular growth 
stimulation in the ovary It is brought about by an increasing ovarian 
secretion of eslerone. The proliferative phase begins at the end of a men- 
strual flow, which is approximately the fifth day after its onset. It con- 
sists of a reconstitution and slow growUi in thickness of the outer layer 
of the endometrium, / e., the portion that had been sloughed at the pre- 
ceding menstrual phase The proliferative phase continues until approxi- 
mately a day after ovulation, i.e , until about the fifteenth day after tlie 
onset of menstruation.* 

During the proliferatii-e phase, the simple columnar surface epithelium 
of the uterus contains a few ciliated cells and many nonciliated cells, 
most of which arc secretory. The cilia sweep fluid and cellular detritus 
toward the vagina. Uterine glands are thin tubes surrounded by the 
5 Beat m mind tiiat times are approxumlc. 
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FIGURE 279. Endometrium of human uterus during the progravid phase. 
Compare with Fig. 278, A and B Photomicrograph, 40 X . 
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FIGURE 278. Endometrium of the human uterus: A, second or third 
day of menstrual c>cle (from a specimen loaned by Prof. S. 1. Kom- 
hauser); B, proliferative phase of the c>'cle; C, postmenopausal endo- 
metrium showing cysbc glands Photomicrographs, 40 X. 
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FIGURE 2S1. Cem\ of the human uterus. The secbon uas cut tan- 
gentiaHy m respect to the lumen of the ctrwx Tlie tall mucous cells 
of t!ie glands stain Rghtly Pljotonucrograph, -10 X . 
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FIGURE 281. Cfrvix of the human uterm. The section was cut tan- 
gentially m respect to the lumen of {lie cervix The tall mucous cells 
of the glands stain hgl.tly, Pliotonucrograph, 40 X. 
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consists of the altered blood, glandular secretion, and sloughed super* 
ficial endometrial tissue. The basal portion of the endometrium, with 
stubs of tlie uterine glands, remains intact because it has a conventional 
blood supply which is separate from tliat of the superficial layer. 

A brief postmenstrual phase precedes the next proliferative phase. 
Eveji before menstrual discharge ceases, the epithelial ceils of the uterine 
gland stubs in the basal layer proliferate and move out to reestablish a 
surface epithelium. The endometrium is only about onc'slvth as tliiclc as 
it was at die progj avid pliase. 

Achievement of pregnancy is the goal of the female reproductory or- 
gans. It may be illogical to stop our consideration of the endometrium 
short of this goal; but tlic story of implantation and formation of an 
embryo is long, and there is no good stopping place once we start There- 
fore, we shall leave all of U>at to courses in embryology. There are 
several good textbooks of the subfect, some of which are listed in the 
bibliography (page 433). Figure 280 illustrates marked glandular prolif- 
eration in the endometrium of the early gravid stage. 

The cervix uteri differs markedly from the rest of tlie uterus in respect 
to its mucous membrane. Tlie surface epithelium is simple columnar, 
made up of tall, pale-staining mucous cells. Glands are large branched 
tubular structures, formed by tall cells like those of the surface. They 
are shown in Fig. 281. No cyclical changes occur in the mucous mem- 
brane of the cervix. Tlie lumen opens onto the vaginal portion of tlie 
uterus, which is covered with stratified squamous epithelium continuous 
with that lining the vagina. 

The myometrium is a thick tunic consisting of a number of layers of 
large smooth-muscle fibers interspersed with fibrous connective tissue 
carrying blood vessels, lymphatics, and nerves. It is illustrated in the 
low-power photomicrograph shown in Fig. 277A. The myometrial con- 
nective tissue contains few elastic fibers except in the region of the cer- 
vix, Muscle cells undergo some hypertrophy during the progravid pliase 
of the endometrium and dimmish again in size after menstruation. Tliey 
attain phenomenal length during pregnancy. 

Postmenopausal uterus: \V1ien estrogenic stimuli are no longer pro- 
vided by ripening ovarian follicles, the uterus ceases to exhibit its char- 
acteristic cycles. After the menopause, the endometrium undergoes 
atrophic change. Uterine glands become short and fewer in number. 
They often appear cystic, as in Fig 27SC Fibrous connective tissue 
increases m amount m the myometrium, and abnormal fibrous tumors 
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The thickness of the vaginal cpitheimm varies witli age, for it is in- 
fluenced by the estrogenic hormone. At bird) it is thick because the 
mothers estrogen has acted through the placenta. Withui two weeks 
after birth, tlie vaginal epithelium of tlic infant becomes a tlu'n layer 
and remains so until estrogens are secreted by the ovary after puberty. 
Again, after menstrual cycles cease at tlic menopause, the vaginal epi- 
theiium becomes thin. 

The secretions of tire uterus which moisten the vaginal mucosa con- 
tain glycogen from the uterine glands. Bacterial fermentation of glyco- 
gen produces acid in the vagina, most marked during tlie progravid 
phase. If it were not for semiiia} alkalinity and buffering action, sperm 
\\oii!d die in the vagina before accomplishing tlieir mission. 

The tunica muscularis of tiu* vagina lies evterna! to die mucosa, there 
being no distinct submucous layer The division into inner circular and 
outer longitudinal layers is quite iiidistluct Much fibious connective 
tissue is interspersed among the sniooth-iauscle bundles- A circular vag- 
inal sphincter of skeletal-muscle fibers gnartls tlie e.vtenial orifice. 

EXTEHNxM GENITALIA 

The labia mlnoro are folds of thin skin, merging witli the mucous 
membrane of vestibule and vaginal orifice. Hair follicles and fat cells 
are absent, sebaceous glauds, sweat glands, and nerves are present. 

The vestibule lies between the l.abia minora. Paraurethral glands, 
homologues of the prostate, may empty onto the mucous membrane of 
the vestibule. So do the ducts of the large vestibular glands f Bartholin), 
which are homologues of the male bulbourethral glands. They are tu- 
bulo-al\ eolar glaiids, each with a mam duct lined with simple columnar 
cpitheimm. All these glands secrete mucus. 

Tlie clitoris is formed of two immature erectile bodies corresponding 
to the corpora cavernosa penis. It also has rudimentary homologues of 
the glans and corpus caveruosum urethrae of the male. Tlie clitoris is 
covered by a mucous membrane continuous with that of the \’estibule 
The labia majora are large bilds of skin with hair follicles, sweat 
glands, and sebaceous glands. Tl»e luur follicles are especially well de- 
\eloped on the outer surface. Subcutanw>us f.nt, a few stnoolh-nuisclc 
fibers, a venous plexus, and loose connective tissue are to be found in 
the labia majora. These bodies arc homologues of the txv'o halves of die 
scrotum 
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Ihe mammar}’ glands or breasts are modified apocrine sweat glands. 
Each is formed by about Evenly iire^Iar lobes, each of which opens 
onto the nipple by one lactiferous duct Tlie lobes radiate outward from 
the nipple and are embedded in adipose and fibrous connective tissue 
of the superficial fascia. The whole organ is covered svitb thin skin, 
which assumes special characteristics at the areola around the nipple. 

LacttlcTQMS ducts: Simple columnar epithelium, ratlier tall in most 
places and having patches of the pscudostratified type here and there, 
lines the lactiferous ducts. Toward the nipple, the epithelium becomes 
stratified squamous. The ducts cud in small pores upon the nipple. In 
their course, they are mucJi wider than their openings and their walls 
are folded longitudinally. A dilatation in each duct, called a lactiferous 
sinus, occurs near the base of the nipple. The epithelium of the duct 
rests upon a basement membrane, and much of its subepithelial connec* 
live tissue is arranged circularly. 

Tarcnchtjma and stroma: The structure of the mammary gland differs 
with advance in age and with changing functional stages. The periods 
during which its structure should be considered are early postnatal, 
childhood, adolescence, adult resting stage, gestation and lactation, re- 
gression, and involution. 

During the postnatal period, ic, the early days or even weeks after 
birth, each branching lactiferous duct divides into small tubules which 
are dilated at their entls to form alveoli. These are lined with simple 
columnar epithelmm m which secretory activity may be observed. The 
alieoh and ducts contain some of the secretion; free cells are present in 
the secretion as they are at the begmning of lactation in the adult gland. 
Figure m illustrates the structure during this period. The glands of both 
423 




422. 


FE^L■VLE JREPRODfCrOBY ORGASS 


REFERENCES 

1. Kaiser, J. H.: Histological i\ppeanince of Coiled Arterioles in the Endo- 

metrium of Rhesus Monkey, Baboon, Chimpanzee and Gibbon, Anaiomi' 
cal Record, \ol. 99, pp. 199-225, 1947. 

This is a splendid description of menstrual cyclic changes, tcith good tl- 
lustrations. A study of other primates is reported in the same volume on 
page 333. 

2. Bartelmez, G. \V.: Female Genital System, being Chap. 25, pp. 542-590, 

in A Textbook of Uistology, 5th ed., A. A, Maiimow and W. Bloom; 
Philadelplua, B. Saunders Company, 1948. 

There arc some good illustrations, especially those on the gravid uterus, in 
this account. 

3. Comer, G, W,; Cytology of the CKiun, Ch'ary and Fallopian Tube, being 

Chap. 39, >ol. 3, pp. 1367-1607, in Special Cytology, 2d ed., E. V. 
Coudi^’, editor; New Vork, Paul B. Hoeber, Inc., 1932. 

Although not the most recent article, this is brief, well illustrated, and 
cosily read. 





MAAI.\rAI\Y CL^VNDS 425 



FIGURE 283. Mammary gland of a nonpregnant adult woman. In tliis resting 
stage, the branching tubules occupy islands of loose fibrous connective tissue. 
Photonucrograph, 150 X. 


only about 10 mm. in diameter. Each lobule consists only of fully de- 
veloped ducts with blind ends and no secreting epithelium. They are 
embedded in connective tissue beneath the nipple. 
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figure C84. Mammary gland with laeliferous dncb; fro/ii a human inland 
soon after birth The g/and stjJi &If(nr'$ so/tic of tlic h> licrtroirhy induced hy om- 
terjuU hormone riiotomicrograph. 150 X • 

sexes jireseut the same appearance; bolh have been stimulated tlnough 
placental passage of tlie mother’s lionnoue. 

During childhood, the glands of both se.ws arc similar. They measure 
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The adolescenf male gland retains its invoiufionai childhood state. 
development of alveoli occurs, although it may measure 2 cm. in diam- 
eter in tlie adult 

Tlie female gland begins to enlarge a little before puberty, when the 
areola becomes elevated. Growth of the duct system, reappearance of 
alveoli, and accumulation of fat between glandular lobes gradually de- 
velop tire breast during adolescence- Such growth comes about cyclically 
and is stimulated by the newly fonclxoniog ovaries. 

The resting adult mammary gland, before the first pregnancy, con- 
sists of many groups of branching tubules or cords of cells and immature 
alveoli connected \vith each lactiferous duct. These are embedded in 
islands of loose intralobular coimective tissue, more cellular than that 
forming the main stroma of tlie breast (Fig. 285), Tlie ducts and alveoli 
are lined with low simple columnar epithelium resting on a basement 
membrane and clasped by myoepithelial cells, much like those of sweat 
glands. 

With the advent of pregnancy, marked changes culminating in lacta- 
tion take place. Terminal ducts and alveoli greatly increase in number. 
Alveoli grow in size. Groups of them crowd the intralobular connective 
tissue so that it becomes no longer visible. The coarser connective tissue 
forms capsules for the lobules of the gland The skin over the gland be- 
comes stretched. 

Columtiar epithelial cells of the alveoli display droplets of secretion 
in their cytoplasm during the eighth month of gestation. Tliese droplets 
run together to form larger drops near the outer pole of the cells. They 
are extruded by bulging from Uie free surface and pinching off a little of 
the cytoplasm as they enter die lumen. Macrophages make their way 
into the lumen of alveoli and phagocytize some of the droplets of secre- 
tion. The macropliages become much enlarged and are known as colos- 
from corpuscles. Ducts and the lach'ferous sinuses fill with milk con- 
taining these corpuscles and other cells and cell fragments. 

Active lactation begins after labor. It is stimulated by a hormone from 
the anterior lobe of the hypophysis. Tlie first secretion is called colos- 
trum. Fat content of the mammary gland secretion soon increases and 
true milk replaces colostrum ScCTetiou takes place at different times in 
different alveoli. Each alveolus undergoes periods of secretion alternating 
with periods of inactivity. During lactation, the gland is made up very 
largely of hypertrophied alveoli, and the connective tissue is reduced in 
amount Figure 2S6 shows the laclaling gland. 
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FIGURE 28G. Lactating mammaiy gland, showing portions of se\eral lobules 
m diifeient stages of secretory activity Photomicrograph, 150 X* 


Regression is a gradual process. After the nursing period is over, the 
alveoli cease to function and become reduced in size and number, some 
remaining for a considerable time. Few remain until the next pregnancy. 
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The intralobular connective tissue reappears, and the interlobular con- 
nective tissue and fat increase in amount. 



FIGURE 287 Atrophic mammary gland of a 66-year*old woman. The twbules 
are surrounded by dark (acidophilic) bands, the remnants of intralobular con- 
necti\e tissue Interlobular ctHiuectivc tissue is dense and shows mucli artifac- 
tual shrinkage, Specunen by ftof. It F. Becker Photomicrograph, 150 X • 

Involution of the mammary gland occurs after the menopause. This, 
too, is gradual. The aivcoli disappear, tlie lobes diminish in size, and the 
ducts become atrophic. Thus, there is a trend toward the prepubertal 
structure m old age. Tlie condition seen in Fig. 287 is one of advanced 
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The mamman* glands are well suppHed by blood vessels. Arteries are 
derived from se\ eral sources. Veins form a superficial ple.xus, which be- 
comes especially prominent during lactation. The Umphatics of the 
numnuT)- gland are numerous and of great importance. The distribution 
of Imphadcs, vessels, and ner\*es is considered in te.xtbooks of gross 
anatomy, 

SIPFLE XVD AREOLA 

The nipple and areola are fonned by a special thin skin. The con'um of 
the nipple invaginates the epidermis witli many \ascular papillae. Hair 
and sweat glands are absent, but sebaceous glands are numerous and 
prowde a salix'a-resisting lubricant which is useful during nursing. Deep 
laiers of the cerium contain smooth muscle arranged circularly and 
vertically. The areola is pigmented, especially in dark-compIe.rioned 
women. Pigmentation increases with the advent of pregnane)* and de- 
creases aflen\*arcL Fat is absent from the corium of the areola and the 
tdpple. Areolar glands were considered on page 254. 
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The intralobular connective tissue reappears, and the interlobular con* 
nective tissue and fat increase in amount. 



FIGURE 287. Atrophic mammary gland of a 66.year-old woman. The tubules 
are surrounded by dark (acidophilic) bands, the remnants of intralobular con- 
necti\e tissue. Interlobular connech\e tissue is dense and shows much artifac- 
tual shrinkage Specimen by Prof R. F Becker. Photomicrograph, 150 X • 

Involution of the mammary gland occurs after the menopause. This, 
too, is gradual. The alveoli disappear, tlie lobes diminish in size, and the 
ducts become atrophic. Thus, there is a trend toward the prepubertal 
structure in old age. Tlie condition seen in Fig. 287 is one of advanced 
atiophy. 
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TABLE 2. 

Units of Length 

Metric 

English 

1 meter 

or 

100 centimeters fern.) 

3 feet (ft.), 3,4 inches (in.) 

1 centimeter (cm.) 
or 

10 niinimeters (mm.) 

H inch (in.) 

1 millimeter (mm.) 
or 

1,000 microns (^) 

inch ( in.) 

1 micron ( ^ ) 
or 

1,000 nuUimiCTons (m#*)* 

4».*» inch ( in ) 


* A smaller umt of measurement is the angstrom (A)-O.l mtlbmicron, or Inch 

-which IS used for wave lengths. 

EXAMPLES 

A 6-foot, 621-inch man would I>o 2 meters tall. 

At birth ho was 20 indies long, or 50 centimeters. 

Hjs hand* is approximately 4 inches wide, or 10 centimeters. 

Each of hiS ted blood corpuscles is about 7.5 microtis iii diameter. 

Bacteria, with which he is constantly associated, are in the range of i micron, 
viruses measure about 0 1 micron. 

TABLE 8. Units of Volume 


Metric Apolkccanes’ IVmc Measure 


1 htci (1.) 

or 

1,000 cubic centimeters (cc ) 

1 00 quaxts ( qt } 
or 

211 pints (pt.) 

1 cubic centimeter (cc. )* 

0034 fluid ounces (fl. oz ) 

or 

or 

1,000 cubic millimeters (cu mm.) 

027 fluiil drams (fi. d ) 

1 cubic millimeter (cu mm ) 

0016 minim (mm )f 


’ One cubic oenUmeter ( cc. ) is the same as I nulhliter ( ml. ) ; I cc. of distilled water 
\seighs I gm. at 4*C 
t A imnim, or drop, is fluid dram. 

* A hand is a unit of measurement used m reference to the height of horses. 
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Units of Measurement Used in 
Histology 


The metric system is universally used in fields of science. Probably you are 
familiar with meters, kilograms, and liters, but the chances are that you think 
in terms of yards, pounds, and quarts and have to translate the metric units 
into those of every day life. The following brief tables of approximate equiva- 
lents and some examples are printed here to help you understand the metric 
terms that exclusively appear m this book. 

TABLE 1. Units of Weight 


Metric Avoirdupois 


1 kilogram (kg.) 
or 

1,000 grams (gm.) 

2pouDds (lb.), 3i« ounces (oz.) 

1 gram (gm.) 

0.035 Ounces (oz.) 

or 

or 

1,000 milligrams (mg ) 

15 43 grains ( gr. ) 

1 milligram (mg.) 

or 

1,000 micrograms (mmg ) 

0 015 grams ( gr. ) 


EXAMPLES 

A man weighs 165 pounds or 75 kilograms. 

His heart weighs lOis ounces or 300 grams. 

His hypophysis weighs only 9 grains or 600 milligrams. 

He began life as an ovum 0.1 millimeter in diameter, weighing 0.5 micro- 
gram. 
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EXAMPLES 

A 75*kilogram man has about pints, or 6 liters, of blood. 

The capacity of lu's cranial cavity ts i.5 liters. 

His urinary bladder has a capacity of 1 pint, or 500 cubic centimeters. 
His gall bladder capacity is 13S fluid drams or 50 cubic centimeters. 
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Visual Aids 


Aluch can b© aceomplisljcci toward presenting co«c?epts of Jiving ceJls and 
tissues by means of motion pictures. Not many hboratories ate equipped to set 
up in vitro or in vivo experiments for the benefit of beginning students, and 
motion pictures offer good substitutes- Fortunately, some excellent films are 
available at small rentals or can be ptirclused for little more than the cost of 
reproduction. Heference has been m-ade to a number of these throughout this 
textbook OlbcTS arc listed in pamphlets obtainable from the NVistar Institute 
of Anatomy in Philadelphia and the American College of Surgeons iti Chicago. 

The following list b comprehensive rather than selective. Each film should 
therefore be prcviexved before using, as some may contain information that is 
too advanced while others may contain information that is too elementary. 
Each film haji been listed once in connection with tho chapter to which St Is 
most applicable. In many cases, however, it might be used advantageously in 
other chapters. 

These films can be obtained from the producers or distributors whose ad* 
dresses are given at the end of the hst. in many mstances they can be ob* 
lained from your local film library or local film distributor; alto, some universi- 
ties have large film libraries from which they can be borrowed, bought, or 
rented. All the films are Ifimm, black and white, with the ouo exception noted. 
The tunning time (min) and whelher it is silent (s») or sound (sd) are listed 
with each title. 


CHAPTER 2-CEtES. LIVING COA/FONENTS OF TISSUES 

1, Hicidmg Normal Adt/U Rat Fibroblasts in Viira (Wistar 4min si). 

\V. H. Lewis. Mitotic divirfon in fibroblasts as seen m tissue culture 
preparations of cells derived irom adult rat tissue. 

2. Dividing Cancer Cells m Vftro (Wistar -imin si). W. H. Lewis and 

Af. R. Lewis. Mitotic divisions of cells in tissue cultures grown, from 
tissue taken from tumors. 

5. Pinoci/fosjsj Drinking bp Celts (Wistar lOmin si). W. H. Lewis, Cyto- 
plasmic activity of cells grown m tissue cultures. 

4. Proiaphsm—The Beginnirig of Life (Bray ISmiti si). Mos'ement, imtabih 

ity, assimilation, and reproductibn of ameba, stentor, etc. 

5. The Amoeba (United ibmin sd). Structure and function of ameba; illus- 
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trates study of protoplasm and cells including energy relations, response 
to stimuli, and reproduction. 

6. Nonnal and Abnormal White Blood Cells in Tissue Cultures (Wistar iSmin 

si). W. H. Lewis and others. Various types of normal leucocytes in move- 
ment, bringing out differences in mode of progression. 

7. Tumor Cells and Macrophages in Tissue Cultures. Rat Sarcomas and Car- 

cinomas (Wistar 13min si). W. H. Lewis. Behavior, in tissue cultures, of 
cells derived from variety of rat sarcomas and carcinomas, all taken \vith 
time-lapse apparatus. 

8. The Ctdtication of Living Tissue (Am. Cancer Soc. 20min si). R. C. Canti. 

Produced in 1928; now old and in poor condition. 

CHAPTER -t-BLOOD 

9. Effects of Heat and Cold on the Circulation of the Blood (A. M. A. 8min 

si). E. R. Clark. Photographed through the microscope, showing vessels 
in the rabbit-ear chamber. 

10. Micromanipulative Studies of Blood Capillaries (Wistar ISmin si). 

B. W. Zweifach. Circulation of blood under the microscope. 

11. Blood (EBF 12mm si). Separation of plasma from blood cells; protein 

and salts from plasma; staining cells; counting red blood corpuscles; how 
white blood cells reach body b'ssue; clotting of blood. 

CHAPTER 7-CARTILAGB, BONE. AND JOINTS 

12. Body Framework (EBF ISmin si). Function of skeleton, structure, chemi- 

cal composition, growth, and repair of bones, main types of joints. 

CHAPTER 8-MUSCULAR TISSUE 

13 Muscles (EBF ISmin si). Structure .and use of muscles. 

14. Activity of Heart Muscle from Rat Embnjos, Grown in Tissue Cultures 

(Wistar ISmin si). C. M Coss. Contraction of cardiac muscle fibers. 

CHAPTER 9-HEART 

15. The First Heartbeats and the Beginning of the Circulation of Blood (U. of 

Midi. 30min si). B. M, Patten and T. C. Kramer. Embryological study, 
using the chick. 

16. Heart and Circulation (EBF llmin sd). Mechanics of pulmonary and sys- 

temic systems ivith delineation of heart action; microscopic scenes of 
capillary action. 

17 The Human Heart (Brandon lOmin sd). Mechanics and functions of the 
heart. 
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CHAPTER lO-BLOOD VESSELS AND LYMPHATICS 

18. Effects of Massage on the Circuiation of the Blood (A. M. A. 8mii) si). 

E. R. Clark. 

19. Circulatory Control (EDF ISmin si). Pressure of blood iij arteries; meth- 

ods of measuring blood pressure; structure and work of veins. 

20. Contraction of Arteries and Arteriovenous Anastomoses (A. .\I. A. 12inni 

si). E. R. Clark. Observations in vivo, using the rabbit-car chamber 
techmque. 

21. Control of Small Blood Vessels (Lutz 20niin si). G. P. Fulton and 

B. R. Lutz. Structural and physiological features of .arterioles, i)recapil- 
laries, and capillaries. 


CHAPTER 11~LYMPHATIC TISSUE AND ORGANS 

22. Mesenteric Lymphatics, Their Conduct and the Behavior of Their Valves 
in the Living Rat (Wistar ISmin si). R. L. Webb. Contractility of the 
mesenteric lymplratics in the rat. 


CHAPTER I2-NERVOC;S TISSUE AND THE PERIPHERAL 
NERVOUS SYSTEM 

23. Crowth of Nerve Fibers (U. of Vir. 16min si). C. C. Speidel. A number 

of otlier excellent films arc available from the same source. 

24. Development of the Nervous System (Northwestern IGmin si). J. J. Mc- 

Donald. Structure of nervous system; its pathways and connections; na- 
ture of nerve impulse. 

25. Reflex Action (Brandon 15min si). Structure of neuron, path of an impulse, 

and definition of reflex act. 


CHAPTER 13~BRAIN AND SPINAL CORD 

26. The Spinal Cord (Brandon SOmin si). Complete structure and functions 

of spinal cord. 

27. Neurons and Neuroglia in Tissue Cultures (Wistar 16mm si) . W. H. Lewis. 

A new film which has not as yet been tilled. 

28. The Brain (Brandon 75min si). Structure; cranial nerves, embryonic de- 

velopment, ventncles, fissures and convolutions, cerebral hemispheres. 


CHAPTER 15~V1SUAL AND AUDITORY ORGANS 

29. How the Eye Functions (Knowledge Bldrs ISmin sd). J. R. McCrory 
Studios. Functions of various parts of eye, sho\vn by diagrammatic 
drawings. 
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30. How the Ear Functions (Knowledge Bldrs llmin sd). J. R. McCrory 
Studios. Structure and function of human ear. 


CHAPTER 16-INTEGUMENT 

31. Skin (EBF ISmin si). C. E. Turner. Skins of various animals; human skin, 

its structure, growth of cells; secretion of sweat; structure of hair and 
nails. 

32. The Human Hair (Bray llmin sd). Hair as part of skin; growth of hair 

within follicle; various characteristics of hair. 


CHAPTER 17-MOUTH AND PHARYNX 

33. How Teeth Grow (EBF ISrnin si). Development of teeth, showing struc- 

ture and arrangement; structure of a tooth and blood vessels which sur- 
round it. 

34. Human Throat (Bray 12min sd). Throat described from anatomical and 

functional aspects. 


CHAPTER J8-TUBULAR DIGESTIVE ORGANS 

35. Development of the Ga^fro Intestinal Tract (Columbia 60min si). Em- 
bryology of tract. 

30. Anomalies in the Development of the Castro-intestinal Tract (Columbia 
20min si). Preoperative and operative findings explained. 

37. Digestion of Foods (EBF llmin sd). A. J. Carlson and H. G. Swann. 

Summary of digestive process^ including work performed in mouth, 
stomach, and small intestine; relation of circulatory and nervous systems 
to digestive process. 

38. Alimentary Tract (EBF llmin sd). Intended as supplement to Digestion 

of Foods. Motility phenomena of gastrointestinal tract. 


CHAPTER 20-ENDOCRINE ORGANS 

39. Endocrine Glands (EBF llmin sd). A. J. Carlson and H. G. Swann. Ef- 
fects of improper functioning of the glands; causes and remedies 
faulty glandular actions. 


CHAPTER 2I~RESPIRATORY ORGANS 

40. Mechanisms of Breathing (EBF llmin sd). V. Johnson. Breatliing mech^ 
nism in operation; technical animation of gaseous exchange in lungs an 
body tissue cells. 
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CHAPTER 22-‘EXCRETORY ORGANS 

41, Work of the Kidneys (EBF llmin sd). A. J. Carlson and others. Detailed 

exposition of kidneys and their functions. 

42. Kidneys, Ureters and Bladder {Bray llmin sd). Important anatomical 

features of kidneys, ureters, and urinary bladder. 


Clh\PTER 23-MALE REPRODUCTORY ORGANS 

43, Technic for Counting Motile SjKrmatozoa {Wistar 15mm si). E. J. Farris. 
Variations in morphology and behaxior of human spermatozoa. 


CHAPTER 24-FEMALE REPRODUCTORY ORGANS 

44. Ooulafion in the Rabbit {Yale 8min st)- B. T. Hill, Edgar Allen, and 

T. C. Kramer. The rupture of ovarian follicles and the liberated ova. 

45. Forming an Egg (Kansas 15min sd). D. C. W.arren and H. M. Scott. A 

color film. 

46. Omde/ion in the Ewe (Mo 8min si). F. F. McKenzie and C. E. Terrill. 

No microscopic views. 


SOURCES OF FILMS LISTED ABOVE 

Am. Cancer Soc.— American Cancer Society Inc.. 47 Beaver St , New York 4 
A. M. A.— American Medical Association, Committee on Motion Pictures, 535 
N. Dearborn Street, Chicago 10, III. 

Brandon— Brandon Films Inc., 1000 Broadway, New York 19 
Bray-Bray Studios Inc., 729 Seventh Avc., New York 19 
Columbia— Columbia University Educational Films, Columbia University, New 
York 27 

EBF— Encyclopaedia Britannica Films Inc., 1150 Wilmette Ave., Wilmette, 111 
Kansas— Poultry Dept,, Kansas State College, Manhatt.m, Kans. 

Knowledge Bldrs— Knowledge Builders, 625 Madison Ave,, New York 22 
Lutz— Dr. Brenton R. Lutz, 675 Cwnmomvealth Ave., Boston, Mass, 
Mo“Animal Husbandry Department, University of Missouri, Columbia, Mo. 
Northwestern— Dr. L. B. Arey, Northwe^cm University Medical School, Chi- 
cago, 111 

U. of Mich.— Dr. B. M. Patten, Dept, of Anatomy, University of Michigan, Ann 
Arbor, Mich. 

U. of Vir —Dr C. C. Speidel, School of Anatomy, University of Virginia, 
Charlottesville, Va. 

United World Films Inc., 1445 Park Ave., Nexv York 29 
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Wistar— Wistar Institute of Anatomy and Biology, 36th St. and Woodland Ave., 
Philadelphia 4, Pa. 

Yale— Dr. W. U. Gardner, Dept, of Anatomy, Yale University Medical School, 
New Haven, Conn. 
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Absorption, in intcsUnts, 29S 
in kidneys, S67 
Acid of stomach, 288, 293 
Acini of ^ands, 43, 44 
Adenoids, 282 
Adipose bssue, S5-85 
development of, 87 
functions of, 87, 88n 
illustrations of, 85-87 
Adrenal gland, 827 

(See ofso Suprarenal gland) 
Adventitia, of sUgesUvu organs, 285 
Agtng, of cartilage, 94 
in nervous system, 171 
Albmisni, 18, 223 
Alveoli, of glands, 43, 44 
pulmonary, 352, 353 
Ameloblasts, 272 
Anutosis, 24 
dlustraljon of, 22 
Ampliiaslers, 27 

Ampulla of ductus deferens, 387, 358 
Ampullae of semu.ircular canals, 234. 235 
Amylase, 316 

Anal Canal, jUustratton of, 303 
Anastomoses, arteriovenous, 150, 151 
Anus, 502 

Aorta. 132, 133, 144-147 
dlustrabons of, 145, 146 
Aponeuroses, 85 

Apparatus, juxtaglomerular, 367, 068 
Appendices cptplcpicae, 305 
Appendix. SOI, 305 
illustration of, 304 
Aqueous humor. 224 
Arachnoid membrane, 213 
Area, lymphatic, of tongue, 262 
papillary, of tongue, 282 
Areola of breast, 429 


/Vreotor tissue, SO 
dfustrattons of, 72~74 
Arteries, 338-147 
arcuate, 365 
bronchial, 355 
carotid. 144 
cerebral, 144 
conducting, 144 
coronary’, 129, 130, 344 
distnbuUng. 138 
clastic, 144-147 
end. 227 

of endometrium, 412, 433 
hepatic, S09 
ih.ac. 344 

illustrations of, 140-140, 323. 324, 394 
innominate, 144 
muscular, 138, 140-144 
variations among, 143, 144 
nutrient, of bone, 9S 
of perns, 144, 305 
pulmonary, 132, 133, 144, 353 
renal, 144, 365 
rebna, 227 

splenic, 144. I64-I66 
subclavian, 144 
Arterioles. 338-140 
glomerular, 365 

Artenovenous anastomoses, 150, 151 
Articulations, 101, 102 
Aster. 26. 27 
Astrocytes, 202, 20S 
modiScd, m retina, 225 
Atresia, 401, 406 
Attraction sphere, 15, 26, 27 
Auditory ossitles, 233 
Auditory strings, 237 
Auditory tube, 233 
AuneW, 233 
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Autonomic ganglion, 188 
Avioplasm, 179 
Axis cylinder, 179 
Axon, 171, 178 
luUock, 176 

Earner, blood-tissue fiuid, 35 
tissue fluid-lymph, 36 
Bartholin, glands of, 421 
Basement membrane, 33 
Basophils of blood, 55 
Bed, nail, 251 
Bernard, Claude, 4 
Bile, 299, 313 
Bile capillanes, 313 
Bile duct, 314 

illustrations of, 309, 310, 312 
Bladder, gall, 3X5 
urinary, 37(1-372 
Blood, 48-56 
color of, 49 

formed elements of, 48-56 
lymphoid series. 53 
myeloid series, 53 
fresh preparations of, 49-50 
hemolysis of, 50 
Blood clot, 49 

Blood corpuscles, illustrations of, 50-54 
red, 49-52 
crenated, 50 
length of life of, 52 
macrocybo, 52 
microcytic, 52 
nucleated, 51 
number of, 49 
of newborn, 52 
origin of, 62-64 
size of, 49 
wliite, 52-58 

{ See also Leucocytes; Lympho- 
cytes, Monocytes) 

Blood plasma, 48 
Blood platelets, 58 
ongin of, 64 
Blood serum, 49 
Blood vessels, J 34-1 51 
arteries, 138-147 
capillaries, 134-137 
lining of, 36 
precapillaries, 138 
of retina, 227 


Blood vessels, small, lUustiatioiis of, 135, 
156, 139, 222, 310, 420 
veins, 147-150 
Bodies, erectile, 393 
Nissl, 175 
Body, aorb’c, 151 
carotid, 151 
Hilar y, 221-223 
coccygeal, 151 
polar, 404 
supracardinal, 151 
vitreous, 228 

Body cavities, lining of, 36 
Bone, 95-101 
blood supply of, 98 
cells of, 103-105 
compact, 98 

development, growtli and remodeling 
of, 102-110 

illustrations of, 202-109 
functions of, 97 
illustrations of, 95-99 
spongy, 98 
Bone lamellae, 100 
Bone marrow, 58-85 
illustrations of, 59, 61, 62, 63 
as an organ, 58 
red, 60-65 

liemopoiesis in, 60-65 
sinusoids of, 60 
sboma of, 60 
yellow, 58, 59 
Bones, turbinate, 340 
Border, brush, 19 
sbiated, 19 

Bowman, capsule of, 360 
glands of, 341 
Brain, 200-211 

illusbations of, 173, 208, 209 
Breast, 423-429 
Bridges, mtcrcellular, 33 
Bronchi, illustration of, 347 
m lungs, 348-352 
primary, 344 
secondary, 349 
BroncliicJes, 352 
illusbahoDs of, 348-351 
respiratory, 352 
Brunner, glands of, 300 
Brush border, 362 
of cells, 19 
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Bud, las(f, 264, 265 
Bulbourethral glands, 303, 39-4 
Bundle, atrioventricular, 132 
of Uis, 132 
Bursae, 102 

Callus, of bone, 101 
Cal>ces. 356, 370 
Canal, anal, 302 
carblago, 93 
na\ersian, 98 
ingujnal, 3S8 
pore, of taste bud, 264 
semicircular, 234, 233 
spiral, 238 
Volkmann, 98 
Canaliculi, bone, 100 
dentinal, 269 
Capillaries, bile, 313 
blood, 134-137 

illustraUons of, 135. 136, 322, 364 
Capillary bed, 135-137 
Capsule, of ganglion cells, ISO 
joint, 101 
of kidney, 357 
lens, 228 
of b\er, 307 
of I>TOph node, 1S8 
renal, 360 
of spleen, 163 
of suprarenal gland, 327 
Capsules, cartilage, 92 
Cardiac muscle, 122-126 

impulse conducting s>steni, 12o, J26 
intercalated discs of, 123-125 
Carotene, 247 
Carotid body, 151 
Carotid sinus, 151 
Cartilage, 89-94 
arbcular, 101 
calcified, 109 
dc\e!opincnt of, 91-93 
elastic, 94 

illustration of, 94 
epiphyseal, 110 
fibrous, 93-94 
h>alm, 89-93 

distrilmbon of, 00 
illustrations of, 00-92, 105, 109, 343, 
345. 347 

role in ossification, lOS-110 


CWiUge, (radical, 344 
Cartilage canals, 93 
Cavity, moutb, 258-262 
nasal, 339-342 
peritoneal, 214 
pulp, 267 
tympdiiic, 233 
Cc-cuiii, 301 
Cell, diagram of, 8 
division, 22-29 
direct, 24 
indirect, 2-4-28 
growth, 21, 22 
iiicinbrunc, 2, 19 
function of, 19 
specializations of, 19 
reproduction, 22, 23 
Cells, 7-31 

acidopbi), of bypopliysis, 338 
of i)aratli>roid gland, 320 
aging and degeneration of, 29-31 
basophil, of hypophysis, 386 
centroacinar, 327 
chief, of stomach, 291 
chromophobe, of hypophysis, 336 
cone, 226 

fixed and stained, 11-21 
gustatory, 265 
hair, of inner ear, 235, 238 
interstitial, of tesbs, 375, 383 
of Kupffer, 312 
bvmg, 10, 11 
illustrations of, 9 
lutein, 406 
niobhty of, 10, II 
mucous neck, 290 
mulbnucleatcd, illustration of, 13 
neuroepithelial, 265 
of Panetb, 299 
parietal, of stomach, 291-293 
pepbc, 291 

principal, of parathyroid glands, 320 
rod, 226 
of Bouget, 137n 
of Sertoli, 377 
shape of. 19-21 
size of, 21 
Cemcntoblasts, 271 
Cementuni, 271 
Centroacinar cells, 317 
Cenlrosome, 18 
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Centrosomes, iliustrations of, 17 
Cervix, of uterus, 410, 418 
Cheek. 258, 259 
Chcmoreceptors, 151, 193 
Cholecystokinm, 299, 315 
ChondrificaUon, centers of, 91 
Chondrocytes, 89 
Chordae tendineae, 123 
Chorioid layer, of eyeball, 221 
Chorioid plexus, illustration of, 208 
Chromatin, 12 
Chromatolysis, 175 
Cluomophil substance, 16, 174, 175 
CJjroinosojjies, 24-29, 381 
homologous, 27 
number of, m man, 27 
sex, 28 

splitting of, 28 
Chjle, 57, 153 
CbylomicTons, 57 
Ciha. 19 
acU\e, 38 
of epididymis, 386 
of e>'elid, 232 
inactive, S8 
of utenne tube, 409 
Ciliary body, 221-223 
illustrattons of, 217, 220, 222, 229 
Ciliary muscle, 221 
Cihary pro<?esses, 221 
Circuits, neuron, 207 
Cistern, subarachnoid, 213 
Chtons, 421 
Coccygeal body, 151 
illustradon of, 150 
Cochlea. 236-23S 
illustrations of, 234, 237, 238 
Cold, nerve endings of, 199 
Colliculus senunahs, 390 
Colloid, of tii>TOid gland, 324 
Colon, 801 

illustration of, 302 
Color, of skin, 247 
Colostrum. 428 
Columns, rectal, 302 
renal, 359 

Concretions, prostatic, 392 
ConducUon, speed of, m nerve Cber, 
182 

Cones, 226 
Conjunctiva, 228-231 


Conjunctiva, illustrations of, 217, 220, 
229 

Connective tissue, 67-88 
cells of, 68-78 
fibroblasts. 70, 71 
indifferent, 68, 78 
characteristics of, 68-78 
embryonic, 68 
fibers of, 68-71 
fluid of, 71, 72 
functions of, 67, 68 
matrix of, 71, 72 
types of, 79-88 
adipose, S5-SS 
dense fibrous, 80-83 
loose fibrous or areolar, 80 
reticular, 79, SO 
tendon, 84, 85 
Cord, spermatic, 378, 388 
Conum, 241-244 
papillae of, 242 
Cornea, 219, 220 
illustrations of, 35, 219, 220, 229 
Corona radiata, 403 
Corpora arenacea, 338 
atredca, 406 

cavernosa, of nasal mucous membrane, 
340 

of penis, 395 

lutea, 406 

il/ustratfonfi of, 404, 405, 407 
Corpus cavemosum uretlirae, 395 
Corpuscles, colostrum, 428 
of Krause, 109 
lamellatcd, 194-197 
renal, 360-362 
of Ruffini, 199 
tachle, 197 

thymic, 162 
Corti, organ of, 238 
Covv^icr, glands of, 393 
Cnstae, of ainpuliae, 235 
Crown, of tooth, 267 
Crypts, of Liebcrkuhn, 298 
of tonsils, 2B3 
Cumulus oophorus, 401 
Cuticle, 19 
dentd, 273 
Cycle, menstrual, 410 
Cytochemistry, 8 
Cytoplasm. 14-19 
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C>'toplasm, funchons of, 14, 15 
inclusions, 15-18 
illustrations of, 14 

Degeneration, physiological, 29 
illustration of, 30 
Demilunes, 46 
Dendrons, 171, 176, 177 
Dentine, 269, 270 
secondary, 267 
Derma, 241 

Diabetes, insipidus, 368 
mellitus, 318, 369 
Diaphysis, 98 
Diarthroses, 101 

Digesh\-e organs, blood vessels of, 303, 
306 

general plan of, 283-285 
lymphatics of, 306 
Dioptric apparatus, 219 
Diplosome, 18 
Discs, anisotropic, 119 
intercalated, 123-125 
Interi ertebral, 94 
isotropic, 119 
opbc, 228 
tactile, 197 
Duct, aU'eoIar, 352 
bile, 314 

cochlear, 234, 236-239 
illustrations of, 237, 238 
cystic, 314 
ejaculatory, 388, 389 
endolymphatic, 234 
excretory, 274 
of gland, 44, 45 
hepatic, 314 
intercalated, 274 
lacrimal, 232, 342 
lactiferous, 423 
nasolacrimal, 232, 341 
pancreatic, 317, 318 
papillary, 365 
paraurethral, 372 
parotid, 259 
renal, 370 
secretory, 274 
seminal, 387-390 
of sweat gland, 253 
s>steins, of sahvary glands, 274-276 
thoracic, 153 


Duct, th>Toglossal, 45 
Ductules, bile, 313 
efferent, 383, 384 
Ductus arteriosus, 144 
cholcdochus, 314 
deferens, 376. 387, 388 
illustration of, 386 
reunicns, 236 
Duodenum, 295 

illustrations of, 294, 297 
Dura mater, 213 
illustrabon of, 214 
Dyes, acid, 6 
basic, 6 

Ear, external, 232 
internal, 233-239 
middle, 233 
Ebncr, glands of, 266 
Ejaculabon, 386, 395 
Ejaculatory ducts, illustration of, 889 
Eleidin, 247, 253 
Enamel, 270 
End bulbs, 178 
Endocardium, 128 
Endocrine organs, 320-338 
Endohanph, 233 
Endomebium, 412-418 
menstrual phase, 413 
IKistmcnstrual phase, 418 
prograxid phase, 413 
proliferabve phase, 412, 413 
Endomysium, 120 
Endoncurium, 184 
Endosteum, 100 
Endothelium, 36 
Environment, internal, 4 
Enz>Tnes. digestive, 299 
Eosinophils, of blood, 54, 55 
of connecbve bssue, 77 
Ependymal cells, 204 
Epicardium, 129 
Epidermis, 241 

nerve endings of, 197 
of thick skin, 245-247 
of thin skin, 244, 245 
Epididymis, 376, 383-387 
illustrations of, 40, 384, 385 
Epiglottis, 342 
Epimysium, 120 
Epmephrine, 332 
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Epineuriutn, 184 
Epjphyses, 98 
EpltheUoid cells, 37 
EpiUiehuin, characleristics of, 32‘*34 
ciliated, 38 
cuboldal, 37 
gernima!, S90, 403n 
glandular, 39-47 
illustrations of, 44-47, 293 
pigmented, of setina, 225 
pseudostratificd, 38 
illustrations of, 39, 40, 3fG 
respiratory, 339, 341 
simple columnar, 3G-38 
illustrations of, 33-38, 44-47, 363 
simple squamous, 35, 36 
illustrations of, 34, 35 
specialized borders of, 37 
stratified columnar, 38 
stratified squamous, 38, 30 
cornified, 30 

illustrations of, 41, 42, 241-246 
surfaces of, 33 
transitional, 30 
illustrations of, 43 
types of, 34-30 
Erection, 395 

Erythroblasts, in bone marrow. 62-64 
polychromatophil, 63 
Erythrocytes, 83 

(Sec aUo Blood corpuscles, red) 
Esophagus, 285-288 
glands of, 285 

illustrations of, 41, 284, 286, 287 
Estrone, 407 
Eustaclijo, tube of, 233 
Eye, color of, 233 
Eyeball, 216-228 
chambers of, 228 
development of, 216, 227 
jllustrations of, 217, 218, 220. 229 
inner coat, 223-227 
middle coat of, 221-223 
outer coat of, 217-221 
Eyelashes, 232 
Eyelid, 232 

diustrations of, 217, 220, 229, 231. 

241 

Fallopius, tube of, 408 
Fascia, 67 


Fat, brown, 88 
in O’topiosm, 16 

sttwage of, in adipose tissue, 87, 8S 
Feces, 302 

Fertiiization, 381, 413 
Fibers, argyrophibc, in connective tissue, 
69 

collagenous, in connective tissue, 63 
dense collagenous, illustration of, 82 
dentinal, 267 

elastic, illustrations of, 81, 94, 14S, 353 
m connective tissue, 69 
lens, 228 
muscle. 111 
nerve, 173, 179-182 
origin of, in connective tissue, 70, 71 
osteogenic, 106 
perforating, of bone, 101 
Purkinje, 126 

reticular, illustrations of, 70, 71, 80, 87. 

114, 121. 140, 167, 184. 312, 359 
in connective tissue, 68, 69 
skeletal muscle, 116 
while, m corinecti\e tissue, 69 
yellow, in connective tissue, 69 
zonular, 228 

Fibrils, 18, 19 

Fibroblasts, associated vvitii formation of 
fibers, 70, 71 

in connective tissue, 72, 73 
Fibroglia, 18, 70 
Fibrous tissue, dense, 80-83 
Filtration, m kidne>’s, 387 
Fimbna, of uterine tube, 409 
Fluid, aqueous humor, 224 
cerebrospinal, 204 
endolymph, 233 
extracellular, 2-4 
follicular, 401 
intracellular, 2, 3 
lymph, 3 
perilymph, 233 
plasma of blood, 2, 3 
syno'ial. 102 
tissue, 2-4 
Fluids, body, 2-4 
composition of, 2 
Fold, nail, 251 

Folds, ventricular, of larynx, 342 
vocal, 342 
Frfliclcs, hair, 250 
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Follicles, ovarian, growth of, 401 
of parat3r>'ioiil glands, 320 
pnmary ovarian, 400, 401 
of thyroid gland, 324 
\csicular ovarian, 401 
Foramen, apical, of tootli, 267 
Fomiv, of conjunctiva, 223-231 
Fossa nasiculatis, 390 
Fossa ovalis, 128 
Fosea centralis, 228 
illustration of, 225 
Frenulum, of tongue, 262 
Fundus, of uterus, 410 

Gall bladder, 315 
illustrations of, 37, 314- 
Ganglia. 185-190 
autonomic, 188-190 
illustrations of, 185-189, 238 
spmal, 185-188 
spiral, 238 
Ganglion cells, 166 
Genes, 14 

Genitalia, external, of female, 421 
Cenatnes, 29 
Cermioal center, 150 
Gingivae, 259, 260 
Gland, thyroid, 321-325 
Glands, 39-47 
apoenne, 41, 42 
of ska, 254. 255 
of areola. 251 
of avilla, 254 
of Brunner, 300 
buccal, 259 

bulbourethral, 393, 394 
cardiac, 290 

ceruminous, 232, 254, 255 
ciliary, 232, 2S4, 255 
circumanal, 254 
duodena], 300 
of Ebner. 288 
endoenne, 40, 320-338 
csopliagcal, 285 
evoenne, 40 
of gail bladder, 315 
gastne. 290-295 
gustatory lingual, 264 
holocnnc, 42 
of integument, 252-255 
intestinal, 208 


Glands, intestinal, illustrations of, 294, 
296,207,299, 302,304 
labial, 258 
iacrmial, 231. 232 
illustrations of, 229, 230 
of large intestine, 301, 302 
lingual, 260 

inaniniaiy, 255, 423-429 
of male, 420 
of Meibom, 232 
meroenne, 41 
mixed, 45-47 
molar. 259 
mucous, 45 
multicellular, 42-44 
olfactory, 341 
of oral cavity, 274—278 
palatine, 261, 262 

parathyroid, 325-327 

parotid, 276 

prinapal, of stomach, 290-293 

pr<»tatc, 390-303 

pylonc, 294, 295 

salivary, 274-278 

sebaceous, 252 

seminal, 390-394 

svrous, 45 

subbngua), 277, 278 
submandibular, 276, 277 
sudoriferous, 252-254 
suprarenal, 327-SS2 
sweat, 252-251 
tarsal, 232 

illustrations of. 220, 229. 231 
tracheal, 344 
tubuloacinous, 41 
unicellular, 42 
urethral, 572. 390 
utenne, 412 
veshbular, 421 
Gians penis, 395 
Gha. 201 

(See also Neuroglia) 
iibnls, 19 

Glisson, capsule of. 307 
Goblet cells, 42 
Clobubn, of blood plasma, 56 
Clonierulus, of ganglion cell, 187 
of kidney, 360 
of sweat gland, 252 
Glottis, 342 
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Glucose, m renal function, 367 
Glycogen, m cytoplasm, 18 
in liver, 313 
in uterine scccedon, 413 
Golgi network, 18 
iilusfcrabon of, 20 
Graafian follicles, 401 
Groo\ e, nail, 251 
Gums, 259, 360 
illustration of, 260, 272 

Hair, 247-250 

cells, of tnCemal ear, 233, 238 
illuslrahons of. 241, 248, 249 
Hans, olfactory, 341 
Hassal, corpuscles of, 163 
Haversian canal, 98 
Haversian system, 100 
Hearing, 239 
Heart, 127-133 
fibrous skeleton of, 127, 128 
great vessels of, 132, 133 
impulsc'Conducting system, 131, 182 
l3>’ers of, 138-130 
valves of, 130, 131 
vascular supply of, 129 
(Sec also Cardiac muscle} 

Helster. valve of, 315 
Hemoc> toblasCs, 60-65 
Hemoglobin, 49 
Hemolysis, 50 

Hemopoiesis, in bone marrow, 60-65 
in lynnpbatie tissue, 85, 66 
Henle, loop of. 362 
Hensen’s line, 119n 
Hilus, of liver, 307 
of l)nnph node, 157 
of ovary, 396 
of suprarenal gland. 328 
His, bundle of, 132 
Histiocyte, 74 
Histology, definition of. I 
Hormone, 320 
of corpus luteum, 408 
corticotropic. 332, 336 
follicular, 406 
stimulating, 407, 403 
gonadotropic, 335 
gro'vth, 336 
lactogenic, 338 
luteinizing, 408 


Hormone, parathyroid, 327 
of testis, 383 
th>Toid, 324 
tliiyiotiopic, 325-336 
Ilosvell-Jolly bodies, 51 
Howslup’s lacunae, 105 
Hypophysis, 200, 333-336 
anterior lobe, 335, 336 
functions of, 336 
illustrations of, 333-335 
pars distalis, 335 
pars intermedia, 336 
pars nervosa, 333, 836 
j?ars luberalis, 336 
posterior lobe, 336 
stalk of, 334 

Ileum, 295 

Implantation, 413 

Incisures, in myelin sheaths, 179 

Incus, 233 

Indifferent cells of connective tissue, 78 
Infundibulum, of uterine tube, 409 
Insulin, 318 
Integument, 240-258 
glands of, 252-255 
vessels and nerves of, 255, 256 
Intercalated discs, 123-125 
Intercellular cement, staining of, with 
silver, 32 

Internal reticular apparatus, 18 
Intervertebral discs, 94 
Intestine, glands of, 29S 
large, 301-305 
siudl, 295-301 

Involution, of mammary gland, 428 
of suprarenal gland, 332 
of thymus, 182. 163 
Iodine, in thyToid gland, 324, 325 
Ins, 223 

iUustraUons of. 217, 220, 222, 229 
Islands, pancreatic, 318 
Isthmus, of uterine tube, 409 
of uterus, 410 

lejunum. 293 
iliustxation of, 299 
Joints. 101, 102 
Juice, intestinal, 299 
pancreatic, 299 

Junction, scicrocomeal, 220, 221 
Juxtaglomerular apparatus, 307 
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Kar>osoincs, 12 
Kiclne>s, 356-369 
function of, 367-369 
illustrations of, 357-360 
Krause, nersc endings of, 199 
Krause’s membrane, 119n 
Kupffer, cells of, 312 

Labia mnjora, 421 
mmora, 421 

Lab>Tintli, membranous, 233, 234 
illustrations of, 234-237 
vestibular part, 235, 236 
osseous, 233 
Lacrimal caruncle, 230 
ducts, 232 
gland. 231, 232 
sac, 232 
Lactation, 426 
Lacteals, 153 
Lacunae, Howsltlp’s, 105 
m cartilage, 92 
of bone, 97 

Lamellae, of bone, lOO 
Lamina, albuginea, of penis, 395 
dental, 271, 273 
osseous spiral, 236 
propria, 257, 283 
Langerhans, islands of, 318 
Lantermann, incisures of, 179 
Larynx, 342-344 
illustration of, 343 
Layer, cborioid, of c>cball, 221 
pigmented, of retina, 225 
Lens, crystalline, 228 

illustrations of, 217, 220, 229 
Leptomemnx, 213 
Leucocytes, basophilic, 55 
eosinophilic, 54, 65 
granular, 53-55 
origin of, 61, 02 
neutrophilic, 53, 54 
nongranular, 55, 56 
polymorphonuclear, 53 
Leucocytosis. 54 
Leydig, cells of, 383 
Liebcrkubn, crypts of, 293 
Ligament, 85, 101 
spiral, 236 

suspensory, of lens, 228 
Ligament, vocal, 344 


Line, Henseri’s, 119n 
Limn Uueads, of nucleus, 12 
Lip, 258, 259 
illustration of, 259 
Lipase, 316 

Littoral cells, of bone marrow, 60 
Liver, 307-315 
funebon of, 313 
illustraUons of, 308-312 
Lobule, hepatic, 307, 312 
Lobulation of kidney, 358 
Loop of Hcnle, 362 
Lungs, 346-355 

illusbations of, 347-351, 353, 354 
of newborti, 348 
Lymph, 49, 57 
Lymph nodes, 157-160 
lUustrabons of, 157-159 
Lymphabc capillaries, 153 
Lymphabc nodules, 155-157 
of small intcsbne, 300 
Lymphatic organs, 157-168 
Lymphatic bssue, 155-157 
diffuse, 155-157 
hemopoiesis in, 65, 66 
iUustrabons of, 156. 159, 162, 165 
Lymphatic vessels, 151-153 
afferent and efferent. 160 
lUustrabons of, 135, 152, 157, 310, 
323 

of liver, 311 
pulmonary, 353-355 
Lymphoblasts, 65 
Lymphocytes, of blood, 55, 56 
in connecbve bssue, 77 
length of life of, 56 
ID lymphatic tissue, 156, 157 
migration from bloodstream, 55, 56 
origin of, 65 

Macrophages, of bone marrow, 60 
of central nervous system, 205 
of connective tissue, 73-77 
origin of, 75, 76 
iUustrabons of, 75, 166, 207, 311 
of lung, 353 
oUier names for, 74 
in relation to I>Tnphocytes, 56 
Macula lutea, 226 

Klaculae of sacculus and utriculus, 
235 
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Ciucojo, m renal function, 367 
Glycogen, m cytoplasm, 16 
in liver, 313 
in uterine secretion, 413 
Golgi network, 18 
illustration of, 20 
Graafian follicles, 401 
Groove, nail, 251 
Gums, 259, 260 
illustration of, 260, 272 

Hair, 247-250 

cells, of internal ear, 233, 238 
illustrations of, 241, 248, 249 
Hairs, olfactory, 341 
Hassal, corpuscles of, 162 
Haversian canal, 98 
Jfaversian system, 100 
Hearing, 230 
Heart. 127-133 
fibrous skeleton of, 127, 128 
great vessels of, 132, J33 
rmpulsO'Conducting system, 131> 132 
layers of. 128-130 
vaK’es of, 180, 131 
vascular supply of. 129 
(Seo obo Cardiac muscle) 

Heister, valve of, 315 
Hemocytoblasts, 60-65 
Hemo^obin, 49 
Hemolysis, 50 

Hemopojesjs, in bone marrow, CO-65 
jn lymphatic tissue, 65, 60 
Hcnie, loop of, 362 
Hensen’s line, llOrt 
Hilus, of liver, 307 
of lymph node, 157 
of ovary, 39Q 
of suprarenal gland, 323 
His, bundle of, 132 
Histiocyte, 74 
Ilistolog)'. definition of, 1 
Hormone, 320 
of corpus luteum, 408 
corticotropic, 332, 336 
follicular, 408 
stunulattng. 407, 408 
gonadotropic, 338 
growth. 336 
betogeme, 336 
luteinizing, 408 


Hormone, parathyroid, 327 
of testis, 383 
tliyrold, 324 
diyrotropic, 325-333 
Howcll-Joljy bodies, 51 
Hoivships lacunae, 105 
Hypophysis, 200, 333-038 
anterior lobe, 335, 338 
functions of, 333 
illustrations of, 333-333 
pjtfs distalis, 335 
pars intermedia, 336 
pars nerv'Dsa, 333, 333 
pars tubeiaiis, 338 
posterior lobe, 336 
stalk of, 334 

Ileum. 295 

Implantation, 413 

Incisures, m myelin sheaths, 179 

Incus, 233 

Indifferent cells of connective tissue, 78 
Infundibulum, of utenne tube, 400 
Insulin, 318 
Integument, 240-256 
glands of, 252-255 
vessels and nerves of, 255, 256 
Intercalated discs, J23-125 
Intercellular cement, staining of, with 
silver, 32 

Internal reticular apparatus, 18 
Intervertebral discs, 94 
Intestine, glands of, 208 
large, 3OI-30S 
small, 205-301 

Involution, of iflanwary gland, 428 
of suprarenal gland. 332 
of thymus, 162, J63 
lodme, m thyroid gland, 324, 325 
Irts, 223 

iHustratJons of. 217. 220, 222, 229 
Islands, pancreatic. 318 
Isthmus, of uterine tube, 409 
of uterus, 410 
Jejunum, 205 

illustration of, 299 
Joints. 101, 102 
Juice, intestinal, 299 
pancreatic, 299 

Junction, sclerocomcaJ, 220. 221 
JuAtaglomerular apparatus, 367 
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Muscle, smooUi, illustrations of, 113-114, 
191. 302, 371, 391 
motor nme endings of, 191, 192 
sphincter of pupil, 223 
spindles, 193, 194 
tarsal, 232 

as a tissue, 111-126 
trachealis, 344 

Musculans, of digestive organs, 284 
mucosae, 284 
M>elin, 179 

Mjelocytes, in bone marrow* 01, 62 
Myocardium, 128 
Myoepitliclial cells, 115, 223, 253 
illustrations of, 253, 276 
o5 sabvaiy 274 

Myofibrils, 18, 111 
of cardiac muscle, 123 
of skeletal muscle, 117-119 
Mjometnum, 418 
M>otendinal funcUons, 122 

Nails, 251 
illustrabon of, 251 
Narcs, posterior, 342 
Nasolacnmal duct, 232 
Nasopharynx, 342 
Neck, of tootii, 267 
Nephron, 3Q0-365 
dlustrations of, 358-361, 363 
Nene cclb, 173 
cytology of, 174-179 
illustrations of. 172, 173, 176, 177, 
186-189 

processes of, 176-178 
Ner\'e endings, 190-199 
effector, 190-192 
free, 197 

illustrations of, 190-108 
receptor, 193-199 
exteroceptnc, 197-199 
mteroceplivc, 193 
proprioceptive, 193-197 
Ner\e fibers, 173, 179-182 
illustrations of, 180-184 
m>elinatcd, 179 
uantjcluiatcd, 179 
Ncr\cs, 182-185 
illustrations of, 183-18S 
oUactory, 341 
optic, 185. 200«, 22Q 


N’erx'ous system, central, 200-211 
neurons of, 203-210 
peripheral, 182-199 
Nervous tissue, 170-182 
Ncurocpithebum, olfactory, 341 
NcuroBbnls. 18, 174. 175 
Neuroglia. 171, 201-204 
fibrils of, 10 
lUustratlons of, 201-205 
Ncorokcrabn. 179 
Ncurolemma, 177, 179 
Neuromuscular spindles, 121, 122 
Neurons, 17Q, 171 
bipolar, of retina, 226 
idfactory, 341 
optic, 226 
Neuroplasm, 174 
Neurotubules, 19 
Nculroiihils, In bloorl, 53, 54 
Nipple, 429 
Nissl Ixidics, 175 
Nissl substance, 16 
Node, atnovcntricular, 132 
lymph, 157-160 
of Banvicr, 181 
sinoatrial, 132 

Nodules, lymphattc. 155-157 
splenic, 164 

Normoblasts, in bone marrow, 63 
Nose, 339-342 
illustration oF, 340 
Nostrils, 339 
Nuclear membrane, 12 
Nuclei, number of, in cells, 13, 14 
Nucleolus, 12 
Nucleus, 11-14 
cliromatm of, 12 
function of. 14 
karyoiomes of, 12 
limn threads of, 12 
membrane of, 12 
nucleolus of, 12 
shape of, iUustraticin of, 12 
Structure, illustrations of, 11, 12 
Nucleus pulposus, 94 

Oddi, spluncter of, 315 
Odontoblasts, 267, 272 
Odontoclasts, 271 
Obgodendrocj tes, 203, 20-J 
Qmentum, 214, 215, 295 
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Malleus, 233 

Malpighi, corpuscle of, 360 
Mammary glands, 423^29 
illustrations of, 424-428 
Mantle fibers, 27 
Mast cells, illustration of, 77 
in connective tissue, 77 
Measurement, units of, 430-432 
Meatus, external auditory, 232 
Mediastinum testis, 375 
Megakaryocytes, 56, 64 
Meibom, glands of, 232 
Meiosis, 29, 381, 403 
Meisner, tactile corpuscles of, 197 
Melanin, 247 
Membraoa granulosa, 401 
Membrane, absorptive, 298 
basement, 257 
basilar, 237 
glial, 203 
Krause’s, 119n 
mucous, 257, 258, 283. 284 
otolithic, 235 
peridental, 267. 271 
serous, 213-215 
synovial. 101, 215 
tectonal, 238 
tympanic, 233 
vestibular, 237 

Membranes, of bram, 212, 213 
elastic, of arteries, 133 
limiting, of retina, 225 
Memory, 207 
Meninges, 212, 213 
Menopause, 408, 418, 419 
Menstruation, 413, 418 
Menstruum, 413, 418 
Merkel, tactile discs of, 197 
Mesenchyme, 68 
illustration of, 69 
Mesentery, 214, 295 
Mesoglia, 203 
Mesothelium, 36 
Mesovaiium, 396 

Metabolic substances, in cytoplasm, 16 
Metamydoc>'tes, 62 
Metaplasia, 38 

Methods, of histological technique, 5, 6 
for observing living tissues, 4, 5 
Microglia, 203 
Microglia, illustration of, 207 


Microphages, 54 
Microscopic anatomy, 1 
Microtome, 6 
Milk, 426 
Milk spots, 215 
Mitochondria, 18 
lilustrations of, 17, 19 
Mitosis, 24-28 
anaphase of, 28 
illustrations of, 23, 27 
jnetaphase of, 28 
prophase of, 24-27 

tel^hase, 28 
time intervals in, 28 
Moat, of vallate papilla, 264 
Modiolus, 236 
Moll, glands of, 232 
Monocytes, of blood, 56 
ori^n of, in bone mairow, 64 
in lymphatic tissue, 65, 66 
Motion pictures, 435 
Motor end plate, 191 
Motor endings, of skeletal muscle, 
121 

Motor unit, 121 
Mouth, 257, 258 

Mucosa, of digestive organs, 283, 284 
Mucous membranes, 257, 258 
Mucus, 42, 257n 
Muller, muscle of, 232 
Musde, arrector pill, 250 
cardiac, 122-126 

arrangement of, in lieart, 128 
ibustrations of, 123-125, 129, ISO, 
192 

ciliary, of uvea, 221 
cremaster, 388 
dilator of pupd, 223 
functions of. 111 
Imgual, 266 
of Muller, 232 
orbicularis oculi, 232 
papillary, 129 
pectinate, 128 
plain, 112 

repair and regeneration of, 126 
skeletal, 115-122 

illustrations of, 115-122, 190, l95, 
263 

motor nerve endings of, 191 
smootli, 112-115 
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Plexus, cliorioid, 204, 205 
ni> enteric, 306 
submucous, 306 
Plicae circulorcs, 297 
Plicae synoxial, 101 
Pol>karyoc>tcs, 64 
Portal, hepatic, 307 
Pouch, Ratlikc’s, 334 
Prccapillarics, 138 
Precarhlage, 91 
Pregnancy, 418 
nummary gland during, 426 
Pressor receptors, 151, 103 
Prisms, enamel, 270 
Processes, ciliarj-, 221 
Proer) ihroblasts, 63 
Progesterone, 408 
Promyelocytes, 62 
Prostate gland, 390-393 
illustrations of, 3S9, 392 
Protein in cytoplasm, 10 
Protoplasm, 7-10 
properties of, 8, 9 
Puberty, 370 
hair cliangcs during, 248 
mammary gland during, 426 
ovary during, 401 
uterus during, 410 
Pulp, enamel, 271 
of spleen, 164 
of tooth, 287 
Pulse, 147 
Pupil, 223 
Purldnje fibers, 126 
Pylorus, 295 
Pyramids, renal, 338 

Ranvier, node of, 181 
Ralhke, pouch of, 334 
Rays, medullary, 359 
Rectum, 301 
Reflex arc, 171 

Regeneration in central nerxous system 
211 

Reissner, membrane of, 237 
Renin, 368 
Rennin, 291 

Respiratory organs, 33£MJ55 
Rete testis, 375-383 
illustration of, 382 
Reticular cells in bone marrow, 61 


Reticular tissue, 79, 80 
Reticulocytes, in bone marrow, 64 
in circulation, 52 
Reticuloendothelial cells, 75 
Retina, 200«, 223-227 
blood vessels of, 227 
cells of, 226 

illustrations of, 217, 218, 224, 225, 227 
limiting membranes of, 225 
nerx'ous porhon, 225-227 
nonnervous part of, 223-225 
pars ciluris, 221-223 
pars iridica, 223 
pars optica, 225-227 
photoreceptors of, 226, 227 
pigmented layer, 225 
Rods, 226 
Root of tooth, 267 
Rouleaux, 49, 50 
RufBni, nerve endings of, 199 
Rugae, 290 

Sac, conjunctival, 228 
endolymphatic, 234 
lacrimal, 232, 342 
Sacculations of colon, 304 
Sacculus, 234, 235 
Salivary glands, 274-278 
illustrations of, 275-279 
Sarcolemma, of cardiac muscle, 123 
of skeletal muscle fibers, 116 
Sarcomere, 119n 
Sarcoplasm, 117 
Scala tympani, 239 
vestibuli, 239 

Scalp, illustrations of. 248, 249 
Sclera, 218, 219 
illustration of, 218, 224 
venous sinus of, 218 
Sclerosis, 147 
Scrotum, 375, 382 

Sebaceous glands, illustrations of, 30, 
241, 248, 303 
Sebuni, 252 
Secretin, 299, 317 
Secretion, 39—42 
antecedents of, 40 
apoenne, 41, 42 
endocrine, 40 
of testis, 383 
Secretion, exocnne, 40 
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Oocytes, 400, 401, 403 
Oogonia, 400, 403n 
Optic cup, 228 
OpUc disc, 228 
Optic ner%-e, 226 
Optic neurons, 226 

Optic papilla, illustrations of, 217, 224 
0« serrata, 221, 223 
Organ, of Corti, 238 
enamel, 271 
spiral, 233 

Organoids, cytoplasmic, 18, 19 
Os cordis, Z28 
Ossicles, auditory, 233 
Ossification, at and after birth, 102 
centers of, 110 
endochondral, 107-110 
intramembranous, 103-107 
penosteal, 108, 109 
Osteoblasts, 64, 100, 103 
Osteoclasts, 64, 103-103 
Osteocytes, 97, 100 
Osteogetuc buds, 1 10 
Osteogenic fibers, 106 
Otoconia. 235 
Ovary, 396—108 
endocrine function of, 406 
lUustratJons of, 397—100, 402, 404, 405, 
407 

postmenopausal, 408 
postpubertal, 401-408 
prepubertal, 400, 401 
Ovulation, 403 
Ovum, 403, 404 

Pacemaker, of heart, 132 
Pachymeninx, 213 
Pacini, corpuscles of, 194-197 
Pain, nerve endings of, 197 
Palate, 260-262 
liard, 261 
soft. 262 

iHustraOon of, 261 
Pancreas, 315-318 
endoenne, 318 
exocnne, 316-318 
illustrattans of, 44, 316, 317 
Panetli, cells of, 299 
Papillae, conical, 263 
of corium, 242 
Papillae, dental, 271 


Papillae, filiform, 263 
foliate, 284 
Iiingifonn, 264 
lingual, 263, 264 
illustrations of, 263-265 
renal, 353 
vallate, 264 
Paragangha, 337 
ParalhjToid glands, 325-327 
illustrations of, 326, 327 
Paralliyroid hormone, 327 
Parenchyma, definition of, 2 
Parotid glands, 276 
Pelvis, renal, 356, 370 
Penis, 394, 393 
illustrations of, 393, 394 
Pepsin, 288 
Pepsinogen, 291 
Perjcaidium, 129, 215 
Perichondrium, 89 
Penlymph, 233 
Penmysium, 120 
Perineurium, 184 
Periosteum, 97, 100 
PenfDDPum, 213, 214 
Peyer, patches of, 300 
Phagocytosis, 11 
by neutrophils, 54 
Pharynx. 342 
oral, 279-282 
Photoreceptors, 226, 227 
illustrations of, 227 
Pia mater, 212 
Pigment, in cytoplasm, 18 
illustrations of. 15, 78 
in sldn, illustration of, 245 
Pigment cells, of connective tissue, 78 
Pineal body, 200 h, 33S 
illustration of, 337 
Pinocytosis, 11 
Pitocjn, 336 
Pitressin. 336 
Pits, gastric, 290 
Placenta, 408 
Plasma, 48 

Plasma cells, illustration of, 70 
in connective tissue, 77 
Pleura, 215. 347 

Plexus, autonomic of digestive organs, 
284. 285 

Piexus, 0 .- 116130 . 130 
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Plexus, chonoid, 204, 205 
m> enteric, 308 
submucous, 306 
Plicae circulaies, 297 
Plicae synovial, 101 
Pol>karyocytes, 64 
Portal, hepatic, 307 
Pouch. Rathke’s, 334 
Precapillaiies, 138 
Precarhlagc, 91 
Pregnancy, 418 
mammary gland during, 420 
Pressor receptors, 151, 193 
Prisms, enamel, 270 
Processes, ciliary, 321 
Proerytliroblasts, 63 
Progesterone, 408 
Promjelocytes, 82 
Prostate gland, 390-393 
illustrations of, 389, 392 
Picrtein in c>'toplasm, 16 
Protoplasm, 7-10 
properties of, 8, 9 
Puberty, 378 
hair changes during, 248 
mammary gland during, 426 
ovary during, 401 
uterus dunng, 410 
Pulp, enamel, 271 
of spleen, 164 
of tooth, 267 
Pulse, 147 
Pupil, 223 
Purkinje fibers, 126 
Pylorus, 295 
Pyramids, renal, 358 

Ranvier, node of, 181 
Rathke, pouch of, 334 
Rays, medullary, 359 
Rectum, SOI 
Reflex arc, 171 

Regeneration in central nervous system 
211 

Reissner, membrane of, 237 
Renin, 368 
Renmn, 291 

Respiratory organs, 339-355 
Rete testis, 375-383 
illustration of, 382 
Reticular cells in bone marrow, 61 


Reticular tissue, 79, 80 
Reticulocytes, in bone marrow, 64 
m circulation, 52 
Reticuloendothelial cells, 75 
Retina, 200n, 223-227 
blood vessels of, 227 
cells of, 226 

dlustrations of, 217, 218, 224, 225, 227 
luiuting membranes of, 225 
nervous portion, 225-227 
noiiuervous part of, 223-225 
pars cibans, 221-223 
pars indica, 223 
pars optica, 225-227 
photoreceptors of, 226, 227 
pigmented layer, 225 
Rods, 226 
Root of tootli, 367 
Rouleaux, 49, 50 
RulBm, nerve endings of, 199 
Rugae, 290 

Sac, conjunctival, 228 
endolymphatic, 234 
lacrimal, 232, 342 
Saccuiations of colon, 304 
Sacculus, 234, 235 
Salivary glands, 274-278 
illustrations of, 27S-279 
Sarcolemma, of cardiac muscle, 123 
of skeletal muscle fibers, 116 
Sarcomere, 119n 
Sarcoplasm, 117 
Scala tympam, 239 
vestibuh, 239 

Scalp, illustrations of, 248, 249 
Sclera, 218, 219 
illustration of, 218, 224 
venous sinus of, 218 
Sclerosis, 147 
Scrotum, 375, 382 

Sebaceous glands, illustrations of, 30, 
241, 248, 303 
Sebum, 252 
Secretin, 299, 317 
Secretion, 39-42 
antecedents of, 40 
apocrine, 41, 42 
endocrine, 40 
of testis, 383 
Secretion, exocrine, 40 
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Secretion, holocrine, 42 
inerocrine, 41 
pancreabc, 310 
in tliyroid gland, 325 
Secretions, hypophyseal, 336 
Segments, intcmodjl, of nerve fibers, 182 
Semen, 393 

buffering action of, 421 
Semicircular canals, illustrations of, 234, 
233 

Seminal vesicle, 390 
illustraHon of, 391 
Septum, atrioventricular, 127 
interatrial, 128 
interventricular, 128 
lingual, 260 
inembranaceum, 128 
Serosa of digestive organs, 285 
Serous membranes, 213-215 
Sertoli, cells of, 377 
Sheatli, myelm, 179 
Sheaths, root, of hair, 250 
Smus, carotid, 151 
lactiferous, 423 
renal, 350 

Sinuses, lymphatic, 159, 100 
paranasal, 341 
rectal, 302 
splenic, 160>168 
venous, of cranium, 213 
Sinusoids, blood, 137 
hepatic, 310 

of suprarenal gland, 330 
Skeletal muscle, 115-122 

connective tissue stroma of, 120 
development of, 115, 116 
size of fibers, 1 16 

Skeletal muscles, blood supply of, 120, 
121 

nerve supply of, 121, 122 
Skeleton, fibrous, of heart, 127, 128 
Skin, 240-256 
color, 247 
functions of, 240 
hairless, 245 

illustrations of, 241—246, 248, 254 
Uiick. 245-247 
tlim, 244, 245 
Smooth muscle, 112-1 15 
Sound analysis, 239 
Space, intraxetinal, 223 


Space, perichorioidal, 221 
subarachnoid, 213 
subdural, 213 

Specific granules, of leucocytes, 10 
Sperm, 379, 880, 421 
in uterine tube, 409 
storage of, 384 
Spermatids, 379 
Spermatocytes, 378, 379 
Spcnnatogcncsis, 377, 381, 382 
Spermatogonia, 370, 378 
Sphincter, 284 
anal, 305 
cholcdochus, 315 
of Oddi, 315 
pylonc, 29S 
urinary, 372 
of vagina, 421 
Spinal cord. 200-211 
illustration of, 210 
Spindles, muscle, 193, 194 
neuromuscular, 121, J22 
tendon, 194 
Spiral organ, 238 
Spireme threads, 26 
Spleen, 161^168 
function of, 168 
dlustrabons of, 80, 104-167 
Staining, of cells, 11 
roetaclu-omabe, 175 
neurological, 173, 174 
supravital, 5 
of tissues, 6 
vital, 5 
Stapes, 233 
Stigma, 403 
Stomacli, 288-295 
function of, 288 

illustrations of, 44, 287, 289, 291-294 
Stratum corneum, 244, 247 
germinativum, 244, 245, 247 
granulosum, 245, 247 
luciduni, 245, 247 
Stna vascularis, 237 
Striated border of cells, 19 
Striations of skeletal muscle fibers, 119 
Strings, auditory, 237 
Stroma, definition of, 2 
Sublingual gland. 277, 278 
Submandibular gland, 276, 277 
Submucosa of digesbr e organs, 284 
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Suprarenal gland, 327-332, 408 
cortex of, 330-332 
function of, 332 
lulus of, 328 

illustrations of, 328, 329, 331 
medulla of, 332 
ner\es of, 330, 332 
Swallowing, 279, 285 
Sweat, 240, 252, 254 

Sweat glands, illustrations of, 242, 243, 
248, 253, 254 
Sympathebc ganglion, 188 
Synapse, 171, 178 
Sjuarthroses, 101 
Synovial structures, 101, 102 
System, metric, 430 

Taeniae, 304 
Tarsal glands, 232 
Tarsal muscle, 232 
Tarsal plate, 232 
Taste buds. 264, 265 
illustrations 264, 265 
Tears, 232 

Technique, histological, 5, 0 
neurological, 173, 174 
Tela subcutanea, 242 
Tendon, 84, 85 
illustrations of, 83, 84 
junction with muscle, 85 
spindles, 194 
Terminal bars, 34 
Tcsbs, 375-383 

illustrations of, 376-380 
Testosterone, 383 
Theca, 401 
Thought, 207 
Throat, 279 
Thymocytes, 161n 
Thymus. 160-163, 337 
illustrabons of, 161-163 
Thyroid gland, 321-325 
folhcles of, 324 
funcbons of, 325 
liormone, 324 
illustrabons of, 321-324 
Tissue fluid, 71, 72 
Tissues, components of, 2 
lands of. 1 

Tomes, granular layer of, 270 
Tone, percepbon of, 239 


Tongue, 262-266 
Illustrations of, 81, 263-265 
Tonofibnls, 18 
Tonsik, 160, 281, 282 
illustrations of, 280, 2SI 
lingual, 266, 282 
muscle of, 111 
palatine, 282 
pharyngeal, 282 
tubal, 282 
Tooth, 267-273 
deciduous, 271 
development of, 271-273 
illustrations of, 260, 268-270, 272, 273 
pulp. 267 

Touch, nerve endings of, 197-199 
Trabeculae carneae, 128 
Trabeculae, of lymph node, 158 
of spleen, 163 
Trachea, 344 

illustrations of, 345, 846 
Trypsin, 316 
Tube, auditory, 233, 342 
digestive, 283-306 
utenne, 408-410 
Tubule, collecting, 565 

convoluted, of kidney, 362 
of testis, 375 
renal, 362-365 
seminiferous, 375 
adult. 376-381 
prepubertal, 378 
straight, 375 
of testis, 383 
uriniferous, 360 
Turaca adventitia, 285 
albugmea, of ovary, 396 
of testis, 375 
mucosae, 283, 284 
musculans, 284 
submucosae, 258, 284 
vaginalis, of testis, 215, 375 
Tunics of arteries, 138 
Tympanic cavity, 233 
Tympanic membrane, 233 

Units, filtration, 367 

of measurement, 430-432 
Urea, 367 
Ureter, 370 

illustrabons of, 368, 369 
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Urethra, 372, 373 
female, 372 

illustrations of, 373, 387'^89 
male, 373, 389, 390 
Urine, 356 

Urinary bladder, 370-372 
illustrations of, 43, 371 
Uterine tube, 408-410 
illustrations of, 408, 409 
Uterus, 410-419 
cervix of, 418 
gravid, 413 

illustrations of, 411, 414—117 
postmenopausal, 418, 419 
prepubertal, 410 
Utnculus, 234, 235 
illustrations of, 235, 238 
prostaticus, 390 
Uvea, 221 
Uvula, 262 

Vacuoles in cytoplasm, 18 
Vagina, 390, 419-^21 
illustrations of, 373, 419, 420 
Valve, anal, 302 
ileocecal, 301 
s piml , 315 

ValvcS?*c^tdiac, 130, 131 

fibroib attachments of. 127 
of veins, 147, 148 
illustration of, 323 
Vasa vasorum, 143 
Vein, portal, 150, 308 
Veins, 147-JSO 
coronary, 129 
of cranium, 148 
of extremities, 148 
hepatic, 311 

illustrations of, 139, 141, 148, 149, 323 
Veins, pampiruform, 388 
puhnonarv, 132, 148, 354 


Veins, renal, 150, 367 
suprarenal, 150 
of uterus, 148 
Vena cava, 132 
illustration of, 149 
inferior, 150 
superior, 150 
Ventricle, of larynx, 344 
Venules, 147, 148 
Vestibule, of mouth, 258 
of vagina, 421 
Villi, arachnoidal, 205 
intestinal, 297 

illustrations of, 294, 298, 297, 299 
synovial, 101 
Vision, 226 
organ of, 216-228 
Visual aids, 435 
Visual cells, 226 

Vitamin C, relation of, to collagenous fi* 
her formation, 70, 71 
Vitreous body, 228 
Volkmann carials, 98 

Warmth, nerve endings of, 199 
Wax. ear, 232, 255 
\Vharton’s jelly, 71 
Window, oval, 233 
round, 233 
Wounds of skin, 244 

Yolk, 402 

Zona fasciculata, 330 
glomerulosa, 330 
pcilucida, 402 
reticularis, 330 
Zonular libers, 228 
Zymogen granules 
of nancreas, 317 




